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Chapter 1-Introduction

Introduction

In this thesis, the distribution, level of diveysiand impact of
soil-borne viruses on sugar beet in Iran will belradsed. Briefly,
sugar beet has been known for a long time in thentry (Sohi &
Maleki, 2004; Farzadfaet al, 2007). Recently, several soil-borne
viruses have been discovered. Nevertheless, uowi, there was a
lack of information regarding their distributionemetic diversity and
real impact on the sugar beet crop.

With the view of addressing this issue, this thdsigplanning to
unravel the complex situation of soil-borne virusees Iran, by
studying four different viruses: th@eet necrotic yellow vein virus.
Benyvirus the Beet soil-borne virusand the Beet virus Q two
Pomovirus and finally the recently discoverdBeet black scorch
virus, aNecrovirts along with its satellite, thBeet black scorch virus
satellite. The three first viruses are telluricuges transmitted by the
plasmodiophorid vectoPolymyxa betaewhile the BBSV and its
satellite are transmitted by the Chyt@dpidium brassicae

The crop of sugar beet in Iran, the different saithe viruses and
their vectors will be shortly described in an iwolmetion before
presenting and discussing the thesis results.

l.1. Sugar beet in Iran

The genuBetais native to Eastern mediterranean region anccadja
areas. In the ancient times beets were cultivatdieé Mediterranean
countries (Lennefors, 2007). SectiolNanae (Greece) and
Procumbenteg¢Canary Island) have a limited distribution aredjle
wild species of sectioBetaoccur along the coastline from the south
of Sweden to Morocco and from the canary Islandran. Section
Corollinae occurs at altitudes higher than 800 m. It has rgela
distribution area in Turkey and neighbouring coi@str The center of
diversity is probably located where the speciesridigion of sections
Betaand Corollinae overlap (eastern Turkey and the western part of
Transcaucasia) (Freset al, 2001). The domestication of beets
probably started in the Euphrates and Tigris regiod continued in
Turkey and Greece, from where cultivated beets vimreduced to
northern Europe (Boughey, 1981; Fresal, 2001).

In Europe, cultivated forms ddeta(leaf beet, garden beet, fodder and
sugar beet) are grown on more than 5.6 milliontbayhich can be
added approximately 550,000 ha in North Americ&),800-670,000
ha in China (with a promising production and margetential for
sugar beet); and a number of smaller areas in (bggpt, Iran, India,
Japan, Morocco, Tunisia, Turkey and Syria. Altogetlsugar beet are
grown on about 7.5-8.1 million ha in 41 countrieoridwide.

2
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Breeding efforts are focused on the sugar beet evbjle leaf, garden
and fodder beet breeding is of regional importamtly (Rushet al,
2006). Sugar beet is a key production for agriceltin many of
countries across the world. It provides more tha% 2f the world’s
sugar supply (Ruset al, 2006).

In Iran roughly one-third of total surface areatlod country is suited
for farmland, but because of poor soil and lackadequate water
distribution in many areas, most of it is not undaritivation.
Presently only 12% of the total land area is cattnd (arable land,
orchards and vineyards) but less than one-thirthefcultivated area
is irrigated; the rest is devoted to dry farmindheTNortheastern,
Western and Northwestern portions of the countryehthe most
fertile soils and under the cultivation of agricwéil crop e.g sugar
beet which estimates of 180,000 hectares (Figcapstraints in sugar
beet production in Iran are droughtness as welbest and disease
which limit the production in the country. From alirsugar beet
disease the soil-borne viruses are the most thse&tanian sugar beet
industry specially BNYVV the causal agent of rhizoma disease
which presents nearly in most of the sugar bedivation areas and
cause significant damages to sugar beet crop dpn{idrzadfaret
al., 2007).

Provinces Surface under sugar beet
cultivation (2005 -2006) Ha
1 Azarbaeijan Gharbi (9) 33607
2 Azarbaeijan Sharghi (8) 340
3| Ardabil (6) 4461
4 | Esfahan (24) 6976
5 | Fars (19) 22310
6 Ghazvine (4) 3647.5
7 Hamadan (11) 10825
8 Kerman (22) 3097.5
9 Kermanshah (12) 15535
10 Khorasan Jonobi (30) 7838.1
11 Khorasan Razavi (29) 51089
12 Khorasan Shomali (28) 4352
13 Semnan (25) 6265
14 Others (4, 13) 15544.6
Total 185887.7

Fig. 1 Surfaces which were under cultivation of sugar he&t005-2006 lgft) and
map of different provinces in Iramight). The number in the parenthesis indicates
the provinces on the mapt{p://www.sbsi.ir/default_e.ayp
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1.2. Soil-borne sugar beet viruses vectored biyol a
betae KESKIN J Pyolymyx

Beet necrotic yellow vein virugBNYVV), Beet soil-borne virus
(BSBS), Beet virus Q(BVQ) and Beet soil-borne mosaic virus
(BSBMV) are four different soil-borne sugar beetugies which are
transmitted byPolymyxa beta@ plamodiophorid. The BNYVV is the
causal agent of most destructive viral disease ugjars beet the
rhizomania. BSBV and BVQ which are two pomoviruses usually

associated with BNYVV. BSBMYV is sometime presentvBNYVV

in USA. BSBMV has not been reported from other ¢oun

[.2.1. Beet necrotic yellow vein virus

[.2.1.1 Beet necrotic yellow vein virus the causal agent of
rhizomania disease

The rhizomania disease was first detected in thlg &8s in northern
Italy in the Po valley (Canova, 1959), and nowoigrfd in most of the
sugar beet growing areas of the world including U@A, Japan,
China, Russia, Europe and the Middle East (AsH#931Rush, 2003;
McGrannet al, 2009).

In Iran it was first reported from the Fars prowna 1996, it is now
found in nearly all sugar beet growing areas of tloeintry and
causing huge damages to the crop (Sohi & Maleld42Garzadfaet
al., 2007).

The disease has caused severe economic lossésnieetled regions.
The name of the disease is derived from one diyfical symptom,
which is an intense rootlets proliferation (Fig. 2he disease is
characterized by a very efficient rate of propamatiFor example, the
infected surface in the United-States has incre&eea zero to more
than 30000 hectares from 1983 to 1988 (Harvesal, 1996; Asher,
1999). In 2000, the percentage of affected fieddsfi46% in France,
70% in The Netherlands and 35% in Germany (Gileg@al, 2001).
Irrigation (Tuitert & Hofmeester, 1992) but maintyovement of soil
during tillage and harvest are responsible forgheead of the vector
and virus (Harvesoet al, 1996). Breeding for resistance is by now,
only efficient control measure and partially rhizamma-resistance
sugar beet cultivars are available which reduck yasses in infected
areas. However, no cultivars are completely resisf@ecently sugar
beet genotypes carrying onRZ) as well as two resistance genes
(Rz1+Rz2 showed some kind of resistance breaking in SpathUS
and caused a great concern (Koegtigll, 2005; Acosta-Leal & Rush,
2007). The disease can lead to a severe decreageldf(Asher,
1999).
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The disease affects the sugar yield by diminiskirgroot weight and
decreasing the sugar content of the sugar beete(Ad999). The
typical symptoms allowing the identified of theazbmania disease are
observed both at the root and leaves (Fig. 2) \eftaracterized tap
root constriction, profuse lateral root prolifecatj and leaf chlorosis
(Acosta-Lealet al, 2008). A recent proteomic analysis of infected
sugar beet by BNYVV has shown an induction of phgtonones,
such as abscisic acid and auxin, which may be wablin the
production of the ‘root madness’ symptoms charéstter of
rhizomania (Larsomt al, 2008) (Fig. 2). The rootlets system is dense
having a bear-like appearance. Constriction and padwn coloration
of the vessels can also be observed at the exyr&hthe sugar beet
tap root resulting in the necrosis of the tisswdsch turn brown and
finally may be dying. The foliar symptoms often sad as a result of
root vascular damages and reduced nutrient uptakerdvely the
BNYVV infection becomes systemic and the leavesashovariety of
symptoms, including yellowing, crinkling, wiltinghd vein yellowing
that gives the virus its name (McGramn al, 2009), and leaves
sometimes have longer petiole, light-yellow coland narrow limb.
The presence of the disease will be accompanidbeirfield by the
presence of light green or yellow irregularly pastor yellow rows
along side of furrows in sugar beet fields whichthe first sign of
rhizomania disease usually during the early momththe growing
season (Fig. 2E) (McGraret al, 2009). Rarely the yellowing of the
leaves evolve to necrosis of the veins. Sugar plegits infected by
rhizomania have low sugar concentration, high sodind low alpha-
amino nitrogen contents and these parameters retheestorage
ability of roots, resulting in further losses t@ttrop (de Biaggi, 1987,
Heijbroek, 1989; Asher, 1993; Krabovic & Kralov&9b; Wauterst
al., 1997; Strausbaugét al, 2008). The lower sugar content which
reduce between 8%-48% combined with the decreastheofroot
weight sometime nearly 50% lead to important yikldses up to
50%-60% although losses of almost 80% have beeortezpas well
(Merdinogluet al, 1993; Asher, 1999; Tamadd# al, 1999; McGrann
et al, 2009).

In order to detect the disease, different testparéormed in the labs
and sugar refineries, before it was detected intddg use of ELISA
technique (Koeniget al, 1984; Torranceet al, 1988; Wisleret al,
1999; Uhdeet al, 2000). However more sensitive technique of RT-
PCR and nested RT-PCR can also be used (Heral, 1986; Morris
et al, 2001; Meunieet al, 2003). This technique allows the detection
of the BNYVV in bait plants only two weeks after tamination
compared to three to four weeks for ELISA.

The quantative real-time RT-PCR is now used forsudag the titer
of the virus inside the host plants and detectibthe virus at every
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stage of sugar beet infections (Hagt al, 2005). Meunieret al.
(2003) have shown that the multiplex detection dfY®/'V, BSBV,
BVQ and PB is possible. Ratt al. (2005) reported the detection of
two types of A and B of BNYVV by a multiplex RT-PCRising
primers targeting TGB (triple gene block) regiorBNYVV RNA2.

Fig. 2 (A) Bearded shape of infected sugar beet roots by BNY\/ififferent parts
of Iran (Nyshabour, Khorasan)B) (Kerman),(C) (Malayer, Hamadan(D) (Asad

Abad, Hamadan)E) Yellowing of sugar beet along side of furrows iswgar beet
field infected by BNYVV in Iran (Malayer, Hamadan)

[.2.1.2 Beet necrotic yellow vein virus genome organization

Beet necrotic yellow vein virusas identified in the 70s (Tamada &
Baba, 1973). It is a member of gerBsnyvirus which also include
the Beet soil-borne mosaic viruBSBMYV), however these genera
have not yet been assigned to a family. Theseeadrase characterized
by their ability of transmission to the plant Blasmodiophoridagby
their rigid rod shaped morphology and by their nipalttite genome.
In the case of BNYVV, the vector Bolymyxa beta&ESKIN (Rush,
2003).

BNYVV is a single-stranded RNA virus with tubulaod-shaped
particles. In the rootlets of BNYVV infected sugaeet, four RNA
particles are invariably present (Koend al, 1997b). The four
BNYVV particles have a diameter of 20 nm and a tengf 390
(RNA-1), 270 (RNA-2), 105 (RNA-3) and 90 nm (RNA-4) fifth
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RNA molecule of 80 nm length is present in somdaisofrom Asia
and Europe (Tamada, 1975; Putz, 1977; Tamada & AIB89;
Koenig & Lennefors, 2000; Waret al, 2007). All five RNAs possess

a cap (MGpppG) at the '5extremity and are poly-adenylated
(poly(A)) at the 3 terminus and these segments are involved in
replication and regulation of translation as eukticy translation
systems (Fig. 3) (Richards & Tamada, 1992; HulD20Mandahar,
006

RNA-1 and RNA-2 have ‘housekeeping’ genes whichiavelved in
basic viral cycle such as replication, encapsidaanad cell to cell
movement while RNA-3 —4 and -5 are associated atovenediated
infection and development of the disease (Lemateal, 1988;
Richards & Tamada, 1992) (Fig. 3). In sugar beettgmiasts
infections, the virus particles are detected alyesfter 16 hours with a
maximum reached after three days (Joersbo & BrdhstE990).
Cooper and Asher (1988) have reported the compleifoBNYVV
cycle in sugar beet within 48 hours.

(A)n RNA1

(A)n RNA2

TGB

(A)NRNA 3

(A\)n RNA4

(Ah RNAS5

Fig. 3 The genome organization Beet necrotic yellow vein viru$he filled circles
indicate the cap structures, the boxes indicate YRId the (A)n indicates
conserved common sequences preceding the 3'-pdlya{lA The internal arrow in
RNA2 indicates a readthrough amber termination nodte coat protein (CP), the
readthrough protein (RT) and the triple gene bI@a&B) are shown by arrows. The
methyltransferase domain (MTR), the NTP-bindingfsde domains (HEL), the
papain-like proteinase domain (PRO), the GDD regkcdomain (POL) are shown
on RNA1 coding region.

RNA-1 contain one large open reading (ORF) th&i7/i46 nucleotides
long, encoding for p237, a putative replicationeassted polypeptide
protein (Jupinet al, 1988), which is post-translationally cleaved due
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to the presence of a papain-like protease motd tato proteins of
150 and 66 kDa (Bouzoubah al, 1987; Tamadat al, 1999), These
products are involved in viral replication and peEsss replication-
associated domains: a methyltransferase domain JMEAn
NTP/helicase domain (HEL) and a polymerase dom&o®L{,
whereas polymerase domain is found within p66 (Ridk & Tamada,
1992; Hehnet al, 1997). This is a unique character of benyviruses
from all other plant viruses with rod shaped pé&tcwhich have their
replication-associated proteins encoded on two ORRaquetet al,
2005).

Scientists showed that the organization of the donoh p237 and
polymerase and helicase sequences were part ofalpba-like”
supergroup grouping HEV, Rubv and BNYVV. RNA-1 &oris
capable of auto replication, indicating that it tons all the
information needed for replication (Koorem al, 1992; Tamadat al,
1999).

RNA-2 is 4612 nucleotides long and contain six opsading frames
(Fig. 3) (Bouzoubaat al, 1986). This RNA encoded for major (p21)
(Putz, 1977) and minor (p75) capsid proteins whécitodes by a
readthrough (RT) mechanism in its proximal 5’ ORFotigh a ‘leaky’
amber termination. Different epitopes were ideatlfion p21 capsid
protein (Koeniget al, 1990; Commandetet al, 1992; Schmitet al,
1992; Commandeuwt al, 1994; Meunier, 2005).

p75 plays important roles in vector transmissioanfida & Kusume,
1991) with two important transmembrane domainsnébin other
viruses transmitted blolymyxaand Spongosporahat could interact
with P. betaés membrane (Dessens & Meyer, 1996; Adaghsal,
2001). The important “KTER" (Lys. Thr. Glu & Arg)imotif is
located in one of these transmembrane domains (@adaKusume,
1991; Tamadat al, 1996b; Koenig, 2000). p75, which is detected at
the ends of viral particles, is also required fanuy encapsidation
process. Therefore, p21 and p75 will be invariatdtected in all
particles regardless of which of the five BNYVV RBAare
encapsidated (Schmit al, 1992; Haeberlet al, 1994). It is thought
that these genomic regions of plasmodiophorid-tratted viruses
encode transmembrane domains that are involvettaohement to the
vector plasmalemma, help the virion transmissiotwbeen plant and
vector cytoplasm (Tamada & Kusume, 1991; Koeni§®®damset
al., 2001; Meunier, 2005). p75 also appears to belwedoin targeting
the virus assembly to the mitochondria of hostsc@lirhardtet al,
2001; Valentiret al, 2005).

RNA-2 also gives rise to two subgenomic RNAs (sgRNASuch
RNAs are expressed from internal promoters located
complementary minus strand and located on certgen areading
frame. These sgRNAs encode for proteins involvethéncell to cell
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movement. These proteins composing the “triple daoek” (TGB)
are named p42, p13 and pl15 (Haebetlal, 1994; Hehret al, 1994;
Bleykasten-Grosshanst al, 1997; Lauberet al, 1998). p42 is
produced by mean of a monocistronic subgenomic Riddle p13
and p15 production is directed by a dicistronicgariomic RNA and
these TGB ORFs are slightly overlapped (Gilnedr al, 1992a;
Fauquetet al, 2005). Expression of the first two TGB proteirenc
complement independently, but over expression sif éae (15 kDa)
inhibits cell to cell movement of the virus infemti (Tamadaet al,
1999). p42 has motifs characteristic of helicasd ancleic acids
binding (“P-loop”ATP/GTP binding domain) (Koonin Rolja, 1993;
Bleykasten-Grossharet al, 1997). p13 has two hydrophobic domains
separated by a hydrophilic sequence. pl5 is alsivophobic. The
pl3 and pl5 proteins both localise to cell waltkienings that are
believed to represent degenerated plasmodesmaterdEret al,
2005). Both proteins are requir@d planta to target p42 to punctate
bodies that are associated with the plasmodesnoatnable virus
movement between cells (McGraanal, 2009).

At the 3 end of RNA-2 exists an ORF giving protein pl4 whis
implicated in control of RNA-2 accumulation (Helkhal, 1995) but
also could act as a post transcriptional gene @itgn(PTGS) inhibitor
(Dunoyeret al, 2002). This protein shows-vitro zinc ions binding
activity suggesting nucleic acid binding activitbunoyer et al,
2002), it also acts inrans as an enhancer of viral coat protein
synthesis (Tamadet al, 1999).

RNA-3 consists of 1775 nucleotides and encodes -&D26 protein
(p25), which has been shown to modify foliar synmpscexpression in
particular host plants following inoculation of tleaves (McGranet
al., 2009) (Fig. 3). It is responsible for symptomgmssion and also
required for the proliferation of fibrous roots ohg natural infection
of sugar beet (Koenig@t al, 1991; Tamadat al, 1999). Deletion
occurring in the p25 ORF leads to decrease of symgtexpression
(Tamadaet al, 1999). This RNA is also involved in long distance
movement irBeta macrocarpdTamada & Abe, 1989) and facilitates
the spread of the virus in the plant (Koenig & Efle1989).
Therefore, differences within this RNA or of theof@ins it encodes
could involve differences in term of virulence. Bdson these
findings, it has been suggested that RNA3 is a qumshicity
determinant of BNYVV and that p25 is responsibletfee symptoms
of rhizomania in sugar beet (Jupat al, 1991; Chibaet al, 2008;
McGrannet al, 2009).

Severe necrotic symptoms appear to be caused faljomechanical
inoculation of leaves when the p25 protein is dbl@ccess both the
cytoplasm and nuclear compartment of the host ¢¥lter et al,
2004).
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p25 is solublein vivo (Niesbach-Klosgeret al, 1990) and was
detected in both cytoplasm and nuclei in infecta/és (Haeberle &
Stussi-Garaud, 1995; lat al, 1996). The localization in the nuclei,
the existence of a potential “zinc finger” motikegidues 73 to 90)
(Berg, 1990), the presence of a nuclear localin&tixportation signals
(NLS and NES) (Vetteet al, 2004) and evidence that p25 can fix
zinc ions (Niesbach-Klosgest al, 1990) suggest an interaction with
the host genome, maybe acting as a transcriptictorfgJupinet al,
1992; Haeberle & Stussi-Garaud, 1995).

Several p25 variants exist within natural isoladesl p25 sequence
variation may influence the degree of pathogenioftguch BNYVV
isolates. A phylogenetic approach permitted thestin of BNYVV
isolates into subgroups that mainly differ by tl2& gequence within a
variable motif named the tetrad, that is presemodly downstream of
the p25 NLS sequence. Schirnmeral (2005)analyzed the genetic
variability of 136 viral isolates collected worldigand found that the
RNA 2 encoding CP cistron is highly conservedhereas p25 (RNA
3) and p26 (RNA 5) genes are more variabigh strong positive
selection acting on some of their amino acids. p2& and p26 genes
operate synergistically to exacerbate symptomsemam sugar beet
cultivars; they localize in the nucleus and acgvdtanscription
(Schirmeret al, 2005). Kleinet al (2007) did express of p25 from
natural A-and P-type isolates in the backgroundBefpe BNYV
cDNA clones, showing symptom discrepancies in campa to B-
type expression and concluded that such pathogefiliectuation was
not due to a different subcellular localization p25 but was
correlated with the nature of the tetrad motif presbetween amino
acid residues 67-70, as well as with capacity & m2self-associated
and to activate transcription in a yeast one-hylsgidtem also they
concluded that the complete sequence of p25 isireshfor its
functions and the identified sequence variationg/ reantribute to
correct folding of the protein (Kleiat al, 2007). Furthermore, recent
evidence has suggested that the p25 protein magsatite avirulence
target recognised in the mechanically inoculateavds of some
BNYVV-resistant sugar beet lines (Chibaal, 2008).

Sequences important for RNA-3 replication werealzed in the 70
residue of the '3non coding region (Laubest al, 1997). Cis active
sequences forming hairpins and required for refpinaand also
containing an encapsidation signal are presefdriitst 300 nt. at the
5 extremity of RNA-3 and —4 (Gilmeet al, 1992b; Gilmeret al,
1993). Recently scientists shown that p25 and p3atems
accumulate to significant levels iR. betaeand localize to the
zoospore nucleus (Lubiet al, 2007) .

In RNA-3 also three little ORFs have been repor@eBF A, ORF N
and ORF 4.6 (or S). p4.6 is produced from a subgend®NA. Its
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promoter is mapped at nt. 1230 (Balmetrial, 1993) but the function
of p4.6 is unknown (Bouzoubaat al, 1991). Serial mechanical
inoculation of BNYVV on Chenopodium quinoéhas led to the
occurrence of deleted form of RNA-3 and RNA-4. ORFoverlaps
the C terminus of p25 ORF. This “N” protein is tigbti to be
responsible for important necrosis symptoms whercufated on
leaves but is only expressed when activated bytidekeof upstream
sequences arise in p25 ORF or when inserted irdthanplant virus
replicon (Jupinet al, 1991; Jupinet al, 1992; Tamadaet al,
1999)RNA-4 is 1413 nucleotide long and contains two ORFs
(Bouzoubaeet al, 1985) (Fig. 3). The major ORF encodes a 31-kDa
protein (p31), which is required for efficient temission of the virus
by P. betae(Tamada & Abe, 1989), the other ORF codes for a 6.5
kDa protein of unknown function, although it is mokvn whether its
protein product, p31, or replication of the RNA4jsence is required
for enhanced transmission efficiency. p31 has lésen implicated in
other infection-related processes, such as thenesh@ent of BNYVV
symptom expression, in hosts suchNasotiana benthamianavhere
RNAA4 rather than RNA3 has been shown to be assuotiaith severe
symptom development via BNYVV mediated suppressiborRNA
silencing in roots (Rahirmet al, 2007; McGranret al, 2009). RNA4
is not essential for virus multiplication and produstrong chlorotic
lesions inTetragonia expansdeaves in absences of RNA3, whilst
those lacking RNA4 produced only faint chlorotisittns(Tamada &
Abe, 1989; Richards & Tamada, 1992). Andild al (2006)
suggested that roots have less of an activity sicts at the step of
generation of siRNAs, and later Rah@hal (2007) found that RNA4
p31l plays a multifunctional role in efficient vectéransmission,
enhanced symptom expression and root-specificaiigrsuppression
activities.

Specific isolates of BNYVV hold a supplementary RISARNA-5
has 1342-1347 nucleotides and encodes just oneiprcdlled p26. It
is observed in sources originating from Japan, &hkrance, United
Kingdom and Kazakhstan (Kiguchkt al, 1996; Koenig & Lennefors,
2000; Harju et al, 2002; Wardet al, 2007), is thought to be
responsible of even more severe rhizomania symp(darsadeet al,
1996a). The single polypeptide it encodes (p26@femdi between J-
and P—-type isolates and exacerbates symptom sewesynergy with
RNAS3 (Schirmeret al, 2005; Acosta-Leal & Rush, 2007). Also Link
et al (2005) found that the entire p26 protein ratlfemta specific
domain of it is required for induction of necrosigal lesions inC.
qguinoaand appears to be partially targeted to the nucleapartment
of infected host cells.

11



Chapter 1-Introduction

[.2.1.3 Different types of BNYVV

Based on molecular analyses of the four RNA spegigsh is always
present in natural BNYVV infections, have revealkd existence of
three major genotypes of BNYVV in the world; namédB and P
types. These types were originally recognized bypmeof restriction
fragment length polymorphism (RFLP) and single+stied
conformation polymorphism (SSCP) analysis in BNYWNAL,
RNA2, RNA3 and RNA4 as well as by phylogenetic tielaships
(Kruseet al, 1994; Koeniget al, 1995; Schirmeet al, 2005; Ward
et al, 2007). The RFLP patterns of the B type corresptndhe
sequences published by Bouzoulsaal (Bouzoubaeet al, 1985;
Bouzoubaeet al, 1986; Bouzoubaat al, 1987) for the French isolate
F2, whereas those of the A type are predicted fitoensequences of
their isolate G1 for which only deletion mutants RNAs 3 and 4
have been analyzed. More detailed information oa $equence
differences between European A, B and P types kas lgiven by
Koenig and Lennefors (2000) and Waed al (2007), accession
numbers for reference sequences are listed in tht Veport of the
International Committee on Taxonomy of Viruses (Kige &
Lennefors, 2000; Fauquet al, 2005; Wardet al, 2007). A and B
types are most common types of BNYVV in which théype has a
worldwide distribution whereas the B-type appeaos be more
restricted in its distribution, and is found maimlyFrance, Germany,
Japan and Iran. However, the B-type has also begorted in other
countries, such as the UK and Sweden (Koenigl, 1995; Miyanishi
et al, 1999; Koenig & Lennefors, 2000; Lennefasal, 2000; Sohi
& Maleki, 2004). Type A and B have been found to lighly
conserved in geographically widely separated regioRecently
determined sequences are practically identicdlded determined two
decades ago (Bouzoubast al, 1985; Bouzoubaeet al, 1986;
Bouzoubaeet al, 1987; Liet al, 1999; Koenig & Lennefors, 2000;
Schirmer et al, 2005; Rattiet al, 2006; Wardet al, 2007).
Differences in nucleotide sequence level betweeand B types of
BNYVV are 3 to 6 % (Liet al, 1999; Miyanishiet al, 1999) although
CP of them is more conserved (Saigd al, 1996; Koenig &
Lennefors, 2000; Schirmeat al, 2005). Rattiet al (2005) reported
the distinguish of type A and B in PCR bases andugy of TGB
sequences which have sufficient differences toirdjatsh this two
types from each other. BNYVV originated from Japamd China
(East Asia) is similar to the European A and B gjpleut are not
completely identical to them (Koenigt al, 1991; Miyanishiet al,
1999; Koenig & Lennefors, 2000; Meuniet al, 2003; Meunieret
al., 2005; Warcet al, 2007).
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A distinct variant of RNA5 has been found to beoasgted with P
type BNYVV, a virus type which so far has been fduonly in
French, Kazakhstan and UK (Koenigt al, 1997b; Koenig &
Lennefors, 2000; Schirmeat al, 2005). Schirmeet al (2005) have
distinguished the Japanese RNA5 groups and thecRrré&NAS5
holding isolates from Pithiviers due to the higlysence variability
into BNYVV P and J types. In East Asian samplesiavas of a fifth
RNA species have frequently been found to be agtmtiwith A- or
B-type-like BNYVV, also most recently Koenigt al (2008) found a
new A type in Germany holding RNA5 and resemblinginése
isolate Har4. Although the presence of RNA5 does designate
automatically an isolatas P-type BNYVV, RNA5 from P-type
isolates characteristicallghares about 96% sequence identity with
RNAS5 from East Asiansolates (Koeniget al, 1997b; Miyanishiet
al.,, 1999; Wardet al, 2007; McGrannet al, 2009). Sequence
comparisons of the A-, B- and P-type BNY\blates have suggested
that the A- and P-types are more closetyated than the B-type
(Koenig & Lennefors, 2000; Meuniet al, 2005; Rattiet al, 2005;
Schirmeret al, 2005). It isbelieved that the A- and B-type BNYVV
became separated a lotige ago (Tamadat al, 2002), and that the
P-type evolved fronthe A-type virus. There is evidence that RNA-5-
containing BNYVV sources are more pathogenic tHaosé lacking
the fifth RNA (Tamada & Baba, 1973; Lemaie¢ al, 2003). Some
studies showed that the P type has some chardikteraoving in host
plant more rapidly, high virus titer in tolerantriies and evading
from host defense system specially in places wiscbultivated by
tolerant varieties which is a matter of concernijrieek et al, 1999;
Klein et al, 2007; McGranret al, 2009). Some studies however have
reported the occurrence of a new kind of isolagspssing an RNA-3
molecule which is related to the severe type Pldaking the usually
associated RNA-5 in the region of Pithivers andséhésolates are
more aggressive in resistant varieties (Lemeiral, 2003).
Appearance of severe rhizomania symptoms in phrtissistant
sugar beet have been reported recently in the US&ravLiuet al
(2005) reported occurrence of resistance-breakitig) BNYVV in
Imperial Valley in California (US) and suggestedithhese isolates
likely evolved from existing A-type isolates. Itggested that high
levels of BNYVV inoculum in the soil, coupled witnvironmental
conditions conducive to disease development, csultrn the erosion
of partial rhizomania resistance (Asharal, 2002; McGranret al,
2009). These US resistance-breaking isolates werenal A-type
BNYVV but there was changes in their RNA3 p25 gositt7 and 68
of amino acid sequences which was AF, AL, SY, V@@, ahd AC
rather than AC in normal isolates (not resistanaaking isolates)
(Liu et al, 2005; Schirmeret al, 2005; Rushet al, 2006; Liu &
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Lewellen, 2007). A motif of four amino acids encampingthe same
region, residues 67-70, has also been demonsttatedave a
functional role in resistance breaking (Schirmer al, 2005). In
particular, the residue at position 68 of the p2&tein is thought to
strongly affect the accessibility of plant hdattors that specifically
recognize this viral protein and enable the plantniount a defense
response against the virus (Chibaal, 2008). In addition, recent
analyses have indicated that there has been postiection for these
amino acid changes at positiofis—68 in resistance-breaking isolates
(Acosta-Lealet al, 2008).Interestingly, in the French P-type isolate,
this motif is representedy SYHG, which was also found in the US
isolates (Liu & Lewellen, 2007). Together, thesd¢admdicate that
amino acidchanges in this motif may not be a consistent atdicof
the resistance-breaking potential of BNYVV isolates. wéwer,
variability within this region does appear to besasated withthe
breaking of resistance, and this may provide a gsiadingpoint to
elucidate the mechanisms involved in resistancakimg in BNYVV
(McGrannet al, 2009).

[.2.1.4 Host range and symptomatology

The virus has a narrow host range. In nature,fécis sugar beet,
fodder beet, Swiss chard and spinach. It is tratsdchby inoculation

of sap to most species of the famiBhenopodiaceaand several
species belonging to thEzoaceae, Amaranthaceae, Caryophyllaceae
and Solanaceae Many of these plants are hosts of the vector
Polymyxa betagAbe & Tamada, 1986; Abe & Ui, 1986; Barr &
Asher, 1992; Huget al, 1996). The virus tends to be restricted to the
inoculated leaves of host plants; it becomes systeim Beta
macrocarpa some accessions &. vulgaris spp maritima spinach
andNicotiana benthamianélamada, 1975).

|.2.2. Beet soil-borne mosaic virus

The Beet soil-borne mosaic virUlBSBMV), also transmitted to the
sugar beet b¥Polymyxa betagvas detected only in the USA (Rush &
Heidel, 1995; Heideét al, 1997). This virus and BNYVV possess a
similar genome organization and identity from 200@%6, according
to the region of the genome. Interaction betweerBM® and
BNYVV was reported (Piccinni & Rush, 2000; Wisletral, 2003). It
seems that BSBMV causes no damage to the planh@ua., 1996;
Lee et al, 2001). Rattiet al (2009) reported thaBeet soil-borne
mosaic virusRNA-3 is replicated and encapsidatedha presence of
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BNYVV RNA-1 and -2 and allows long distance movemenBeta
macrocarpa

[.2.3. Beet soil-bornevirus and Beet virus Q

The Beet soil-borne virugBSBV) and Beet virus Q(BVQ) also
transmitted to the sugar beet Bybetae Both of these viruses belong
to Pomovirusand are associated with BNYVV.

1.2.3.1 Pomoviruses genome organization

Pomovirusparticles are hollow, helical rods, 18-20 nm iardéter,
comprising multiple copies of a single major coaitein (CP; c. 19—
20 kDa). The CP gene is terminated by a UAG (or UaABroad
bean necrosis virugBBNV)) stop codon that is thought to be
suppressible, readthrough (RT) of which would prmwa fusion
protein of variable mass (54-104 kDBhmovirusparticles are fragile
and particle size distribution measurements ardabl®; PMTV
particles have predominant lengths of 125, 137, &83 nm
(Torrance, 2008).

Pomovirusgenomes comprise three species of positive-sangies
stranded RNA of c. 5.8-6, 2.8-3.4, and 2.3-3.1(Kup. 4, 5).

Fig. 4 BSBV genome organization
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Fig. 5BVQ genome organization

RNAL encodes the replicase proteins. It contailasge open reading
frame (ORF) that is interrupted by a UGA stop cod@RF1) (or
UAA in BVQ and BSBV (Fig. 4, 5)); the sequence doues in-phase
to encode an RT protein (204-207 kDa). The ORF1eprq145-149
kDa) contains methyltransferase and helicase mettige the RT
domain contains the GDD RNA dependent RNA polymer@dRp)
motif. Phylogenetic analysis reveals that the Rd&Rmf the
pomoviruses andoil-borne wheat mosaic furovirushare between
50% and 60% sequence identity. The 5 UTRPaimovirusRNAs
contains the starting sequence GU(A)1-4(U)n (ex@&pQ RNA1
which begins with AUA). The RNAs are probably cagps the 5’
end since the RNA1l ORF contains methyltransferasetifsn
associated with capping activity. The terminal 8@laotides of the 3’
UTR can be folded into a tRNA-like structure thaintains an
anticodon for valine. Both BSBV and PMTV RNAs wetgown to be
valylated experimentally. The virus movement pruseare encoded
on RNA3 of BSBV (Fig 4), BVQ (Fig 5), and BBNV (RNAIn
PMTV). Three 5’ overlapping ORFs encode a consemedule of
movement proteins known as the triple gene bloc&RY. TGB
movement proteins are found in the genomes of otbdrshaped
viruses (hordei-, beny, pecluviruses) and in mondpafilamentous
viruses in the generBotexvirusand Carlavirus. The TGB proteins
(TGB1, TGB2, and TGB3) are named according to tpesition on
the RNA and have molecular masses of 48-53, 13,28r@2 kDa,
respectively. The TGB1 contains a deoxyribonuctiotiriphosphate
(dNTP) binding site and helicase motifs in the @vii@al half typical
of all TGB1sequences and an extended N-terminalafforfound in
hordei-like TGB1's that do not share obvious segeeidentities.
TGB1 binds RNA and is thought to interact with gemo RNAs to
facilitate movement. The sequence of the second Pp@iein is the
most conserved with BSBV, BVQ and PMTV sharing 68-%
sequence identity and 49 % identity with that ofNBB there is little
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sequence identity among the TGB3 sequences. Asayygiws that
TGB2 and TGB3 proteins contain two hydrophobic oegi(predicted
transmembrane domains) separated by a hydrophbilitach and these
proteins are associated with intracellular membsaie infected
plants. The CP and RT proteins are encoded on RbABSBV,
BVQ, and BBNV (RNA3 in PMTV). The RNA2 of pomoviras
(RNA3 in PMTV) is of variable size, from 2315 to3Lnt. Analysis
of naturally occurring and glasshouse-propagatetatiss revealed
that deletions of c. 500-1000 nucleotides occutbath field and
laboratory isolates and that they occur predomlipamt the RT
domain which is correlated with loss of transmigshy the natural
vectors (Torrance, 2008). The RT domain of BVQHhertger than the
others but recently it was evidenced ttreg common RT of 76 kDa is
longer than the first reported reference of BVQ RN@5 kDa) and
has three nt additions in its C-terminal part (85 2nd 1) then it was
hypothesized that multiple inoculation cycles@menopodium quinoa
were responsible for these three deletions in tter@inal part of the
previously described BVQ RNA-2. Two putative tramsnbrane
domains, TM1 and TM2, were predicted in the conggranino acid
sequence of the ten BVQ strains, and the putativ® BM2 was
aligned with that oPotato mop-top virugCrutzenet al, 2009a). The
RT coding sequence of BVQ is followed by two additl ORFs for
proteins of predicted mass of 9 and 18 kDa. Amiom aequence
comparisons revealed conserved motifs between ttveseproteins
and domains in the C-terminal portions of BSBV aPBITV RT
proteins which hypothesized that they might be havisen by
degeneration of a larger ORF. Variable base cortiposis found in
natural isolates of BSBV in the sequence at theeB0 of RNA3
between the stop codon of the third TGB and theniteal tRNA-like
structure (Torrance, 2008).

[.2.3.2 Virus—host interactions and movement

Cytoplasmic inclusions of enlarged endoplasmiccudtim p0050
(ER) and the accumulation of distorted membranes ssmall virion
bundles can be seen by electron microscope exaomnaf thin
sections of BSBV- and BVQ-infected leave. In PMTAfected potato
leaves, abnormal chloroplasts with cytoplasmic givations were
seen in thin sections as well as tubular structimethe cytoplasm
associated with the ER and tonoplast and in theolac PMTV does
not require CP for movement and it is thought th&B1 interacts
with viral RNA forming a movement competent ribolaaprotein
(RNP) complex. Studies of transiently expressed FMGB proteins
fused to marker proteins such as green fluoresgentein or
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monomeric red fluorescent protein in epidermal scebf N.
benthamiana have helped to elucidate events in intracellular
trafficking and indicate that PMTV interacts witthet cellular
membrane recycling system. PMTV TGB2 and TGB3 vagrewn to
co-localize on the ER and in small motile granulest utilize the
actin—ER network to reach the cell periphery ara$plodesmata (PD)
and TGB3 contains a putative tyrosine sorting digivaQ-D-L-N),
mutation of which inhibits PD localization. TGB2 carTGB3 act
together to transport GFP-TGB1 to the PD for mowvammmto
neighboring cells and TGB2 and TGB3 have the capacigate the
PD pore. TGB2 co-localizes in endocytic vesicleshwthe Rab 5
ortholog Ara 7 (AtRabF2b) that marks the early emoal
compartment. Also, protein-interaction analysis eaded that
recombinant TGB2 interacted with a tobacco probelonging to the
highly conserved RME-8 (receptor mediated endoés#®sfamily of
J-domain chaperones, essential for endocytic ¢faffg (Torrance,
2008).

[.2.3.3 Host range of pomoviruses

Pomoviruses have a limited host range and arenittesl in soil by
zoosporic plasmodiophorid vectors that have beearssdied as
protists. Viruses that are transmitted by plasmpldasid vectors
include pomo-, peclu-, furo-, beny-, and bymovisusad they are
thought to be carried within the zoospores. Thetoretife cycle
includes production of environmentally resistarnitkihwalled resting
spores and viruliferous resting spores can surinveoil for many
years. BVQ and BSBV are often found associated \BMYVV;
BVQ and BSBV are reported only from sugar-beet-gngwareas
worldwide.

The viruses are thought to be transmitted in spiPblymyxa betae
BVQ is mechanically transmissible only @ quinoaand BSBV to
members of th€henopodiaceaéTorrance, 2008).

1.2.3.4 Beet soil-borne virus and Beet virus Q distribution and its
role in rhizomania disease

The Beet soil-borne viru§BSBV) and theBeet virus Q(BVQ) are
detected in sugar beet. BSBV is composed of thasitipe single
stranded RNA molecules (Koeng al, 1996; Koeniget al, 1997a;
Koenig & Loss, 1997) (Fig. 4, 5). First detectedJK (Henry et al,

1986), BSBV was also detected in Belgium, Germ&weden, Iran
and China (Verhoyemet al, 1987; Lesemanet al, 1989; Lindsten,
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1989; Meunieet al, 2000; Farzadfaet al, 2007; Wanget al, 2008).
Two serotypes of the virus, “Alhum” and “Wiertheave been
described. However the “Wierthe” serotype has besfassified as
Beet virus Qbased on molecular data (Koerggal, 1998). Little is
known about BVQ. However, the general genome omgdioin of this
virus closely resembles that of BSBV. Currently,istunknown if
BSBV and BVQ play a role in the rhizomania diseaBédferent
studies have raised questions about their effattsugar beet culture
(Lindsten, 1989; Hutchinsoet al, 1992; Prillwitz & Schlésser, 1992;
Kaufmannet al, 1993; Rush & Heidel, 1995; Koengt al, 2000).
Observation of reduction of BNYVV concentration asymptoms in
sugar beets pre-infected by BSBV has been rep{viednier, 2005).

[.2.4. The vector Polymyxa betae

BNYVV, BSBMV, BSBV and BVQ are transmitted to thedi plant
by the biotrophic plasmodiophorRblymyxa betadr-irst described by
Keskin (1964), it is an obligate parasite (intr&dal) of sugar beet.
The long persistence d?. betaeresting spores in the soil allows,
when sheltering the virus, to infect sugar beetemiian ten years
after the last crop. Therefore, it is impossibleyéd rid of it even with
long rotation.Polymyxa betaé able to survive in the soil by mean of
thick walled resting spores, named sporosori, seldaduring root
decay (Keskin, 1964). The virus is carried integnddy Polymyxa
betae resting spores in the soil, although the relatigmsbetween
inoculum potential and the actual inoculum densityviruliferous
Polymyxa betagopulation is currently unknown (McGraret al,
2009).

[.2.4.1 Vector taxonomy

Polymyxa betae, Polymyxa graminend Spongospora subterranea
do not cause so important damages to host plangsoper taxonomy
of these soil-borne pathogens was not properly ddue to the
complicated difficulties that exist for working witthis obligate
parasite. Molecular characterizations proved thatxest place for this
obligate parasite is within tHerotozoa(Braselton, 1995; Wardt al,
2004). They characterized by: obligate intracetlulgarasitism,
cruciform nuclear division, zoospores with two, exidr, unequal
whiplash flagella, multinucleate plasmodia, and iemmentally
resistant, long-living resting spores (cysts) that often clustered
together to form a sporosorus (cystosorus). Devedon of zoospores
and long-living sporosori are also typical for praxliophorids
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(Adams, 1990; Barr, 1992; Braselton, 1995; Litd&di & Whallon,
1999; Sherwood & Rush, 1999; Pferdmenges, 2007).

I.2.4.2 Life cycle of Polymyxa betae

In favorable conditions, the resting spores wilblee into zoospores
(Fig. 6). This bi-flagellated zoospore is able wirs in humid soil

short distances to find a suitable host like epragrcells of rootlets of
sugar beet. After a host was found, the zoospdtashato the surface
of the roots, encyst, and make a dagger-like bokighwwill be used
to penetrate the host cell wall and then injeciisgcontent into the
host cell forming a plasmodium. This plasmodiumaiscytoplasm
mass and nucleuses surrounded by a membrane (Kesf64;

McGrannet al, 2009).

Life cycle
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Fig. 6 Life cycle of Polymyxa(cycle diagram kindly provided by Anne Legreve).

This plasmodium form will give plamodiphores whigroduced
secondary zoospores able to re-infect other cellsith enter into
resting spores under certain conditions. Not ordyameters such as
soil humidity and temperature (Goffart & Marait€92; Prillwitz &
Schlésser, 1992; Tuitert, 1993; Tuitert & Hofmeestel994;
Pferdmenges, 2007) but also basic pH and high corat®ns of
calcium and magnesium in the soil (Legréve & Maail992;
Krabovic & Kralova, 1996), influence the infectiai the plant by
Polymyxa betaeDuring its cycle,P. betaewill acquire soil-borne
viruses and is said to be viruliferous. The pergatof viruliferoud.
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betaein the soil could range from 5 to 15% (Ciafardib®91). The
cycle of Polymyxa betads completed in 7 to 10 days in normal
conditions (Cooper & Asher, 1988). The precise megm of
acquiring the virus is unknown however it is evittrat viral regions
are involved in the process (Dessens & Meyer, 19%6nadaet al,
1996b; Diaoet al, 1999; Koenig, 2000; Adamet al, 2001),
presumably through the interaction of membranehef thallus and
transmemberane motifs of p75 readthrough proteimiros and may
accumulate in the plasmodia. Virus-like particles abserved within
numerous vacuoles in young immature plasmodia arspEares
(Tamada, 1975; Abe & Tamada, 1986; Rysaretkal, 1992).
Polymyxa betaewill then be able to transmit it to the plant. & i
unknown if the virus is able to replicate in thectew (Adams, 1991,
Campbell, 1996). Nevertheless Lubiez al (2007) reported tha®.
betaemight be a host as well as a vector for associatioBNYVV
due to presence of replication, assembly and monemteins of
BNYVV with sporangial and sporogenic stagesPofbetaewhich in
turn indicates that BNYVV resides inside its vector dgrimore than
one life cycle stage and playing a role as a hosBNYVV. This
needs to further investigated to determine whefhdretaeis actually
a host for BNYVV or simply a vehicle for virus tremission (Lubicz
et al, 2007; McGranret al, 2009).

Differences between isolates Bf betaehave been pointed out in
terms of vectoring BNYVV but also as causing dansaigethe sugar
beet (Gerik & Duffus, 1988). Also, recent studiempbasize the
existence of special forms withfPolymyxaspecies according to the
host range, aggressiveness, vectoring ability andiranmental
requirements (Gerik & Duffus, 1988; Barr & Ashe®9P; Legreveet
al., 2002).

P. betaeforms very persistent cytosores. These were tridtesinto
infected soil, and both cytosores and BNYVV coultgist a very
adversing condition and even pass the digestiveersysf the sheeps
(Heijbroek, 1988).

1.3. Soil-borne sugar beet virus vectored bylpidium
brassicae

[.3.1. Beet black scorch virus

The Beet black scorch viruss a soil-borne virus vectored by
O. brassicado host plants. It is Becrovirus
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[.3.1.1 Necrovirus genome organization

The genusNecrovirusencompass several virus species Illkdacco
necrosis virusA, TNV D, Olive latent virusand Leek white stripe
virus, Olive mild mosaic virugs well as th&eet black scorch virus
These icosaedric viruses have a short compact geonbabout 3.8 kb
in size with only four ORFs; a fifth potential sresl ORF was
predicted within the 3’-leader of the type speciENV-A. The
genome organization and expression strategy ofomguses are
similar to the genu€armovirus necroviruses have a small CP that
forms smooth virions and are phylogenetically edatto the
SobemovirusCP. This feature distinguishes the necrovirusesn fr
carmoviruses, which have a larger CP with protrgditiomain
(Fauquett al, 2005).

Virions are approximately 28 nm in diameter and ilexha T=3
icosahedral symmetry. The shell has a smooth aapearFig. 7).

Fig. 7 (Left) Diagram of (T = 3)lobacco necrosis virus @NV-A) virion. (Right)
Negative contrast electron micrograph of TNV-A @irs.The bar represents 50 nm
(Fauquett al, 2005).

Virions contain one molecule of infectious lineaosjiive sense
ssRNA. The type species RNA is 3684 nt. The 5-ehdhe RNA
does not have a covalently linked virion proteirddaa uncapped,
possessing a ppA terminus. The RNA does not comtéirterminal
poly(A) tract. The virion packages exclusively tbenomic RNA.
Three virus specific dsSRNA corresponds to thathef genomic RNA.
The second largest 1.6 kbp and the smallest 1.3 #&RNA
correspond to sgRNAL and 2 respectively. InfectiBWA transcripts
have been synthesized from a full-length cDNA clafighe Olive
latent virusl (OLV-1), TNV-D and BBSV genomes (Weilarat al,
2007). The capsid is composed of 180 copies olesi@§ species (32
capsomeres per nucleocapsid). This protein has2Z68amino acids
and a size of 29-30 kDa.

22



Chapter 1-Introduction

The genomic RNA contains five or six ORFs. Howe@RF1 is

capable of encoding a 22-23 kDa polypeptide. Readtgh of the
ORF1 amber termination codon allows translationcémtinue into
ORF1-RT for the expression of an 82 kDa polypeptilee 82 kDa
protein is predicted to be the RdRp (holding a Giétif). ORF2 can
encode 7-8 kDa polypeptide that also may be img@atan cell-to-cell

movement. ORF3 encodes a 6-7 kDa polypeptide tisat may be
involved in movement. ORF4 encodes the 29-30 kDa GRF5,

present only in the TNV-A, encodes a 6-7 kDa prot@wo sgRNAs
of 1.6 and 1.3 kb are synthesized in infected c&he smaller sgRNA
is the translational template for CP and the laigehe translational
template for the ORF2 and possibly ORF3 producte flinction of

the ORF5 product is not known. The 8K protein emcbhy the OLV-

1 genome was detected in close proximity to plassaotita or within
plasmodesmata channels and accumulates in thelagmof infected
cells as bundles of thin filaments

3'0OH

SgRNA1
SgRNA2

Fig. 8 Genome organization and replication strategylolbacco necrosis virus A
(TNV-A). Boxes represent known and predicted ORF¢hwhe sizes of the
respective proteins (or readthrough products) mtdid within. Shaded ORFs
indicate polymerase proteins that have a high degre sequence conservation
within the Tombusviridae Right-hatched box identifies the capsid prot&if) that
is highly conserved among other genera within Tembusviridaethat lack a
protruding domain. P8 identifies one of the twotents involved in cell-to-cell
movement that exhibits sequence conservation witlkea protein in the genera
Avenavirus Carmovirus Machlomovirus and Panicovirus Lines underneath the
gene map depict the two sgRNASs that are synthesizédected cells; these allow
for the expression of ORFs 2 and 3 and ORF4 froRNgg+1 and 2, respectively.
RT = amber termination codon that can be readthroug

Necroviruseshave wide host ranges that include monocotyledonous
and dicotyledonous plants. In nature, infectiousisgs are typically
restricted to roots. Experimental inoculations ligueaause necrotic
lesions on the inoculated leaves, but rarely resudystemic infection.
Virions are readily transmitted by mechanical inaton. Member
viruses are soil-borne. Some (TNV-A, TNV-Beet black scorch
virus, BBSV) are naturally transmitted Wlpidium brassicagwhile
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others (OLV-1) are transmitted through the soilhwiit the apparent
intervention of a vector (Fauquet al, 2005).

TNV-A and TNA-D are ubiquitous, OLV-1 was reportedm several
Mediterranean countriesl.eek white stripe virus(LWSV) from
France, and BBSV from China (Liu & Xian, 1995; Zgai996; Liet
al., 2008a), USA (Weilanakt al, 2007), Iran (Koenig & Valizadeh,
2008) and several European countries (Gonzalestéaz@009).

[.3.1.2 Beet black scorch virus (BBSV)

The Beet black scorch virugBBSV) was first identified in Inner
Mongolia, China, in the late 1980s (Liu & Xian, B)%hang, 1996;
Li et al, 2008a). BBSV is aNecrovirus of Tombusviridaefamily
(Russoet al, 1981; White & Nagy, 2004). Recently it was repdrt
from USA (Weilandet al, 2007), Iran (Koenig & Valizadeh, 2008)
and several European countries (Gonzales-Vazq0€8)ZFig. 9).
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Fig. 9 Map of the BBSV geographical distribution in theno

The virus elicits severe, systemic disease symptteasribed as black
scorched leaves in China. The BBSV isolates redditem US did
not show such a black scorching in leaves of shgat Beta vulgaris
L.). This virus apparently exacerbates symptomsR&izomania
disease of sugar beet like rootlet proliferatiore(Mhdet al, 2007).
After mechanical inoculation of BBSV in the glasake, necrotic
local lesions appear on the leavesGifenopodium sppthree days
post inoculations. Virus can be detected in eadhege hosts by RT-
PCR and by retro-inoculation @henopodium quinoa
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[.3.1.3 Genome organization ofBeet black scorch virus

The virus comprises an icosahedral particle of @&mat encapsidates
a positive-sense, single-stranded (ss) genomicRA of 3644
nucleotides (Fig. 10). BBSV shares the highest sege identity
(61%) with Tobacco necrosis viru® (TNV-D) (Couttset al, 1991).
Complete sequences of one Chinese (BBSV-N) andush¢BBSV-
CO) BBSYV isolates showed they have seven and eigénh reading
frames (ORFs) respectively.

RT

3644 nt.

SgRNA1

SgRNA2

Fig. 10BBSV genome organization

The P23 and P82 ORFs are thought to encode the viral RNA
polymerase, as the p82 protein contains a GDD rtiwifis conserved
in RNA-dependent RNA polymerases (Argos, 1988). P82 ORF,
residing between nucleotides 36 and 2210, is pigbakpressed
directly from the gRNA via translational readthrbugf an amber stop
codon.

The small ORF oP5’, P7aandP7b ORFs which are located in the
central region of the BBSV RNA genome are involvedaell to cell
movement of the virus in host plants and each efe¢hgenes was
required for localized movement, accumulation afaviRNAs and
formation of local lesions on the leaves dfhenopodium
amaranticolor as it has been evidenced that similar proteiceded
by subgenomic (sg) RNA in TNV-D (Cout&t al, 1991) and TNV-
DH are required for cell-to-cell movement (Drouza896; Molnaret
al., 1997; Yuaret al, 2006).

The 39-proximal ORF (nt 2647-3345) in BBSV is poteld to encode
the capsid protein (p24) due to its 24,5 kDa massestimated by
SDS-PAGE. The coat proteins of TNV-DH (Molnetr al, 1997) and
Turnip crinkle virus (TCV) (Cohen et al, 2000) have been
demonstrated to be involved in long-distance movemeuring
systemic infection oNicotiana benthamianabut no information is
yet available about this requirement for BBSV.
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There was shown previously that two sgRNAs alonth whe viral
gRNA are present in plant tissues infected with BESig. 10), but
the sgRNAs are not encapsidated in viral parti(@&so et al, 2005).
It presumed that the ORFs located downstream optiative BBSV
RNA polymerase subunits use these sgRNAs for thaislation, as is
the case for many positive strand RNA viruses @i Koev, 2000).
Normally, only a single RNA was associated withettfons, but a
small single-stranded RNA (ssRNA) that is similarthe satellite
RNAs (sat-RNA) of other necroviruses (Van Regengiodt al,
2000) has been found in isolates from the Xinjigngvince of China
(Cai, 1993). The sat-RNA dBeet black scorch virubelongs to the
small linear satellite RNA subgroup, which contagveral subviral
RNAs associated with helper viruses in thembusviridaefamily,
including Turnip crinkle carmovirus Cymbidium ringspot
tombusvirus(CyRSV), Tomato bushy stunt tombusvir(BBSV) and
Cucumber necrosis tombusvirgSuNV). The BBSV satellite RNA
genome is similar in size to the satellite RNASGQYRSV (~0.7 kb)
and TBSV (~0.7 kb) (Guet al, 2005). This small RNA multiplied in
test plants only in presence of BBSV genomic RNAlgkr virus),
either from the same viral isolate or from otheurses of BBSV (Bo,
1996). The presence of sat-RNA resulted in morallt@sions on the
leaves of Chenopodium amaranticoloplants then did inoculation
with BBSV RNA alone when the inoculum was highlyutid this is
like many sat-RNAs of plant viruses such HRsrnip crinkle virus
(TCV) (Carpenteret al, 1991) andCucumber mosaic Vviru€CMV)
(Kurodaet al, 1997).

[.3.1.4 Satellite RNAs and Satellite viruses

The classical definition of a satellite is a linearcircular RNA that
requires a helper virus to supply proteins for icgion but shares
little sequence relatedness with the helper vingia not required for
the accumulation of the helper virus. Satellitet tvacode their own
coat protein, four of which have been describedrenabeled as
satellite viruses to distinguish them from satellRNAs (satRNAs),
which are encapsidated in particles assembled frelper virus CP.
SatRNAs are roughly divided into two classes: lasg¢RNAs that
generally encode a single nonstructural protein smdller satRNAs
with no functional coding capacity (Simat al, 2004). The satellite
viruses and RNAs can be distinguished from defedtiterfering (DI)
RNAs by the absence of significant sequence honyoleih their
helper viruses (Roossin&k al, 1992).
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[.3.1.5 Gene silencing mechanism

RNA silencing collectively refers to the suppressiof gene
expression through nucleotides sequence-specticactions that are
mediated by RNA (Moissiard & Voinnet, 2004).RNAesiting also
known as RNA interference (RNAI) in animals, isr@versal system
in multicellular organisms in which RNA expressian specifically
downregulated at the post-transcriptional levelabgomplex process
involving small RNAs. Among these, the so-calledanmterfering
RNAs (siRNA) are 5’-phosphorylated molecules of 2lnucleotides
(nt) generated by an RNAase llI-type Dicer enzymenfa double-
stranded (ds) RNA. One strand of the siRNA cannigerporated into
an RNA-induced silencing complex (RISC) to serveyaisle RNA to
direct degradation of RNA species containing a dempntary
sequence. The core component the RISC complex is an
ARGONAOUTE (AGO) protein, which contains the endolewolytic
cleavage activity. An important second class of IsiRAIAs are the
microRNAs (miRNAs) produced by Dicer from imperfdwirpin in
noncoding transcripts of cellular origin. When irparated into RISC
they either direct cleavage (most commonly in amif transcripts
bearing sequence homology of interfere with theanslation. In
plants and invertebrates, virus infection is tyfljcaccompanied by
the appearance of double-stranded-RNAs and thigrizayer a potent
RNA silencing response aiming at degrading theidor&RNA. As a
counter-strategy viruses encode silencing supprgesdeins (SSPs)
that can block this host defense response. The culale basis for
suppressor activity has only been elucidated fofew of those
proteins. For instance, the p19 protein encodet@idigato bushy stunt
virus binds directly to siRNAs so as to impede theidiog on RISC,
their spread or their amplification by cellular RNfependant RNA
polymerase. Other SSPs, including th®steroviusp2land HC-Pro
of Potyviruscan also bind siRNA. This has led to the hypothésat
binding of SIRNA may represent a widespread cousii@tegy. Until
recently, the only SSP that was known to functignriteracting with
a protein component of the silencing pathway was2h protein of
Cucumber mosaic viru8y physically binding to AGO1, 2b provokes
inhibition of the cleavage activity of the RISC rhatery. More recent
evidence now reveals that another SSP,Rbkerovirus pO protein,
has an even more dramatic impact on the fate of AG@ssibly by
hijacking component of the cellular ubiquitinatipathway to promote
degradation of AGOL1 (Bortolamiet al, 2008; Suret al, 2009).
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1.3.1.6 Host-range ofBeet black scorch virus by mechanical
inoculations

BBSV can cause necrotic and chlorotic local lesiaftsr mechanical
inoculation onSpinacia oleracegChenopodiacegeand just necrotic
local lesions onTetragonia expansgAijoacead, Beta macrocarpa
(Chenopodiacege Beta vulgaris (Chenopodiacege Chenopodium
amaranticolor(ChenopodiacegeC. capitatumC. murale C. quinoa
and also it can cause symptomatic systemic infestion Nicotiana
benthamiangSolanaceae Up to now in nature it found in sugar beet
plants.

[.3.2. The Vector Olpidium brassicae

Olpidium is an obligate intracellular parasite of rootspduces
unwalled, motile zoospores as part of the life eya@nd has
environmentally resistant resting spores. Its zomsphas a single,
posteriorly placed whiplash flagellum and displayclaaracteristic
“jerky”swimming pattern. The zoospores are sphériaad only
approximately 3.3 x 5.6m (Rochoret al, 2004).

Most of the current understanding of t&dpidium life cycle comes
from early studies described by Temmink. The ihitkiage of
zoospore encystment likely involves withdrawal ok tflagellum
(composed of axoneme plus axonemal sheath) intspove body;
however, the possibility that the flagellum wrapsoumd the
developing cyst has not been ruled out. Electrasragraphs of newly
encysted zoospores often show a “whorl of membranesssociation
with the plasmalemma inside the developing cyse piesence of this
feature suggests the axonemal sheath of the flagathay be drawn
into the body of the zoospore along with the axomeand that the
axonemal sheath breaks during this process regutinhe observed
whorl of membranes. The penetration of the host iogblves the
production of a variable-size papillum producedtbg host cell in
response t®Ipidiuminfection. In addition, a hole appears in the cyst
at the junction of papillum. The cyst protoplastrirappears to move
into the host cell cytoplasm through a hole in hHust cell plasma
membrane. The cyst cytoplasm, in conjunction withesvly formed
plasmalemma, is released into the host cell, lgawehind the
original plasmalemma, the tonoplast, and cyst wale thallus
enlarges over the next one to two days, still sepdrfrom the host
cytoplasm by only a thin membrane. Thalli that wikvelop into
zoosporangi become multi-nucleate and develop Gk tvall around
the thallus outside of the plasmalemma. Cleavage&les form about
one day later and then they fuse to delineaternttizidual zoospores
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of the zoosporangium. Concomitant with the formatid the mature
zoosporangium is the formation of an exit tubehi@ zoosporangium
from which many mature zoospores are releasedwoilp contact
with water. The thallus may also develop into restspores, but in
this case, it does not become multinucleate. Rgsfore formation is
not believed to involve a sexual stage (Rockbmal, 2004; Astieret
al., 2007).

The BBSV has been shown to be transmitted effityathirough the
soil in a non-persistent manner by zoospore®lgidium brassicae
(Chytridaleg (Jiang, 1999). Typicaln vitro virus transmission is
demonstrated betwe@lpidium brassica@ndTobacco necrosis virus
(TNV), where virus transmission is much more independem the
vector. Once,O. brassicaetransmits TNV virions, which are only
absorbed to the surface of fungal membrane, thes yiropagate ithe
host-cell and further spread is independent froenvigctor. If the host
cell dies, fungaindependent TNV virions get released into the soil
(Campbell, 1996). Viruses transmitted ®ipidium brassicaesuch as
TNV, STNV and CuNV, are carried on the surface lué spores.
Zoospores carrying virus probably survive for oryfew hours.
However, virus that is free in the soil may be pidkup and
transmitted by newly released zoospores. If theisonoist,Olpidium
zoospores can recover TNV from soil for at leastwideks (Hull,
2002). Viruses transmitted b@Ipidium do not survive in air-dried
soil. In general, viruses of this type have widestheanges and
probably survive in the soil by frequent transnugsto successive
host. Drainage water and movement of soil and fe@ments are
probably important in the spread of these virugesnfone site to
another (Hull, 2002).

A recent survey on different isolates @ipidium brassicaefrom
distantly separated areas of the world showed tihey could be
separated into two distinct genetic groups of hecassifecting
isolates, two distinct groups of lettuce-infectiaglates, one of which
contained a carrot-infecting isolate and a distgrciup comprising a
cucumber-infecting isolate and a melon-infectinglate (Hartwright
et al, 2009).
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I.1. General objective of the thesis

Sugar beet in Iran is a crop under high diseassspre. This work
started from fields showing strong root prolifeoatisymptoms and
foliar symptoms, with the question of the reasoos guch major
impact on the beets. To unravel the problem, cayemr research
strategies combining epidemiological and spatie¢ ity approaches
together with a systematic analysis of the viralayae diversity was
chosen. The general objective of this work was dentify the
different agents involved in the soil-borne virug&YVV, BSBV,
BVQ and BBSV occurring in Iran and to better untmd their
contribution to the rhizomania syndrome.

Soil-borne viruses from genwenyvirus Pomovirusand Necrovirus
have been searched for by RT-PCR and sequencicgguce.

I.2. Scientific strategy

[1.2.1. Mapping soil-borne viruses

All provinces of Iran where sugar beet is cultichthave been
explored for the presence of soil-borne viral ds&sa By visual

screening and using a smart sampling strategy, thare300 samples
were gathered from different parts of the country.

Based on soil bioassays under control conditidres different viruses
present were detected and studied.

[1.2.2. Genetic diversity of BNYVV

To evaluate the impact of BNYVV, the major soil-bervirus known

on sugar beet, the presence of P type isolate bhasvthe association
with RNA-5 was evaluated. Furthermore, the divgrgf the p25

located within the RNA-3 was studied to understavitether the

presence of special isolates could explain thdemae observed in the
fields. The different partial sequences of BNYVVreeompared to
the one from other parts of the world especialynfrBelgium and

France.

[1.2.3. Presence of BSBV and BVQ

For this purposes we used multiplex RT-PCR develdpe Meunier
et al (2003). In sugar beet fields infected by BNYV\gnmpoviruses
are commonly detected in other parts of the wdgigen if their role in
the etiology of the disease remains unclear, ancesiheir presence
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was not fully assessed in Iran, the presence dB8®V and the BVQ
was evaluated by RT-PCR. This part of the work dbuated also to
the construction of full length clones fBeetsoil-borne viruswhich
will help to understand the exact role of pomowesif the disease.

[1.2.4. Evaluating the presence of new soil-borne virusesn
Iranian samples

Other soil-borne virus have also been reportedumarsbeet, which
were not reported in Iran at the beginning of thik, like theBeet
soil-borne mosaic virusaand theBeet black scorch viruswe also
evaluated their presence in Iranian sugar beeisfiel

[1.2.5. Genetic diversity of BBSV

Following the discovery of BBSV, the genetic divgrof the virus
was studied by comparing the sequences of sixdualjth clones. A
special attention was paid to the 3’ untranslaegion, which is of
uttermost importance for the replication and tratish process of the
viral genome, in relation with the presence ofitinas satellite.

Finally, the pathogenicity of the different studigdolates was
evaluated on sugar beet as well asB®ia macrocarpaSpinacia
oleracea Nicotiana benthamianand Chenopodium quinqawith the
view of understanding the pathogenicity determisg®ome ‘guinea
pigs’ widely used as test plants for infectivitysag and detection
which includes theChenopodiaceae Chenopodium amaranticolor
Chenopodium quingathe LeguminosaePhaseolus vulgarjsVicia
faba andVigna unguiculatathe Solanacead\icotiana benthamiana
Nicotiana clevelandji Nicotiana glutinosa Nicotiana occidentalis
Nicotiana tabacunandPetunia hybridaand cucurbitaceouSucumis
sativus These plant species are also usefuaerimental hostsfor
virus propagation and can easily and rapidly bewgran large
numbers) (Bos, 1999).

33






Chapter IlI.

Iranian Beet necrotic yellow vein virus (BNYVV):
Pronounced Diversity of the P25 Coding Region in A
type BNYVV and Identification of P type BNYVV
Lacking a Fifth RNA Species



Chapter 3-ResultdfanianBeet necrotic yellow vein virus

Arch Virol (2009) 154:501-506
DOL 10.1007/00705-009-0322-2

BRIEF REPORT

Iranian beet necrotic yellow vein virus (BNYVV): pronounced

diversity of the p25 coding region in
and identification of P-type BNYVV

M. Mehrvar - ). Valizadeh - R, Koenig -
C. G. Bragard

A-type BNYVYV
lacking a fifth RNA species

Received: 12 October 2008/ Accepted: 14 January 2009/ Published online: 15 February 2009

© Springer-Verlag 2009

Abstract Beet necrotic yellow vein virus (BNYVV) was
detected in 288 of the 392 samples collected in Iran. A-type
BNYVV was detected most frequently. The p25 coding
region on BNYVV RNA-3 was amplified by RT-PCR and
sequenced. Nine different variants of the highly variable
amino acid tetrad at positions 67-70 of p25 were identified,
ie. ACHG, AHHG, AYHG, ALHG, AFHR, AFHG, AHYG,
VLHG and VHHG. These are more different tetrad variants
than have been reported from any other country. The first
three variants were found most commonly. In 23 out of the
288 BNY VV-positive samples, we detected P-type BNYVV
that had previously been identified only in France, Kazakh-
stan and recently in the UK. Surprisingly, none of these
samples contained the fifth RNA species usually associated
with P-type BNYVV in othercountries. As in other BNYVV
P-type sources, the p25 amino acid tetrad in positions 67-70
of the Iranian P-type consists of SYHG.
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Rhizomania is a major disease of sugar beet with world-
wide distribution [2, 32]. In Iran, it was reported from the
Fars province in 1996 and is now found in nearly all sugar-
beet-growing areas of the country [11, 35]. Beet necrotic
yellow vein virus (BNYVV) is responsible for the disease.

Molecular analysis of the four RNA species always
present in natural BNYVV infections has revealed the
existence of three major strain groups named A, B and
P-types [15, 17, 20, 22, 23, 31, 42]. These three types were
found to be highly conserved in Europe: recently deter-
mined sequences are practically identical to those
determined more than two decades ago by Bouzoubaa et al.
[3-5]. BNYVYV sources from East Asian countries (Japan,
China) are similar to the European A- and B-types, but not
completely identical to them [17, 28, 30, 42].

The RNA-3-encoded p25 enables the systemic move-
ment of the virus in sugar beet and is mainly responsible
for symptom expression [12, 14, 36] and root proliferation
[38]. Its ability to shuttle between the nucleus and the
cytoplasm is necessary for symptom expression on leaves
of Chenopodium quinoa [41]. The amino acid tetrad in
positions 67-70 of p25 has been found to be highly vari-
able in BNYVV sources collected at many different places
in the world [18, 25, 29, 31, 34, 39, 42]. Chiba et al. [6, 7]
found that the resistance response on leaves of selected
lines of Beta maritima and the sugar beet variety Rizor
depended on the composition of this tetrad. p25 was thus
identified as an avirulence factor. Klein et al. [13] found
that sequence variations of p25 influenced its oligomeri-
zation and pathogenicity in Tefragonia expansa. Acosta-
Leal and Rush [ 1] identified Vg E 35 in p25 as the signature
for resistance-breaking variants of BNYVV from the US as
opposed to the WT motif AgDj3s. Koenig et al. [19] found
that V7 P25 promoted a much higher virus accumulation in
the rootlets of mechanically inoculated, partially resistant
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sugar beet seedlings than Agz P25. Other variants of the
tetrad have also been associated with resistance breaking
[26, 32].

The presence of a fifth RNA species in the BNYVV
genome has also been associated with an increased path-
ogenicity of BNYVV [37]. In East Asia, BNYVV RNAS
has been found to be frequently associated with A- or
B-type-like BNYVV [24, 30]. A distinct type of RNA 5 has
been found to be associated with P-type BNYVV., a virus
type
Kazakhstan and, more recently, in the UK [10, 16, 17, 42].

Sequence information is mainly available for European,
American and East Asian BNYVV isolates. The present
study provides a comprehensive overview of the distribu-
tion of various BNYVV types in Iran.

which so far has been detected only in France,

Sugar beets with rhizomania-like symptoms or grown as
bait plants in soil samples were obtained for the Iranian
locations listed in Table 1. Most of the samples came from
different fields. A limited number (13 samples out of 5
locations) were collected at the same place, but always
from fields larger than 25 ha. The p25 coding region on
BNYVV RNA 3 and various portions of RNAs 1. 2 and 4
were amplified by means of RT-PCR or immunocapture
RT-PCR as described by Meunier et al. [27] and Koenig
et al. [15]. The nucleotide sequences of the PCR products
were obtained by using an ABI377 sequencer (Applied
Biosystems) and were analyzed by the Clustal W program
of the Genetic Computer Group [8] and the Invitrogen
Vector NTI Advance 10 program. Phylogenetic analysis of

nucleotide sequences was performed using the MEGA4
software package [40]. using the neighbor-joining method
[33] and a bootstrap value of 1,000 for appreciation of
confidence [9].

BNYVV was detected in 288 out of 392 sugar beet
samples tested. The muajority of the samples contained
A-type BNYVV RNA 3, but in ¢. 8% of the samples,
P-type BNYVV RNA-3 was identified (Table 1). No
BNYVV B-type infections were found. The amino acid
tetrad in position 67-70 of the RNA 3-encoded p25 in
A-type BNYVYV showed considerable variation. All toge-
ther. With
frequencies of ¢. 28, 27 and 23%, respectively, the ACHG,
AHHG and AYHG tetrads were found to occur most
commonly (Table 1). P25 with an ACHG ftetrad was
detected mainly in Khorasan Razavi and to a lesser extent

nine  different  variants  were identified.

in some other provinces (Table 1). P25 with an AHHG
tetrad has a countrywide distribution in most of the Iranian
sugar-beet-growing areas. P25 with an AYHG tetrad was
found mainly in the Fars and the Kermanshah provinces
and 1o a lesser extent in several other provinces. P25 with
ALHG, AFHR or AFHG tetrads were detected with a lower
frequency and with an uneven distribution within the
country (Fig. 1, Table 1). P25 with an AFHG tetrad was
detected mostly in mixed infections with AYHG, ALHG,
and ACHG. P25 with an AFHR tetrad was found only in
the Azarbeijan Gharbi province in northwestern Iran. P25
with an AHYG tetrad was found only once in a sample
from Khorasan Razavi (Jovein). VLHG (Hamadan) and

Table 1 Number of BNYVV-positive samples that were collected in various Iranian provinces and contained different amino acid tetrads at

positions 67-70 of p23

Province A-type P-type  Total no.
- 7 of samples
AHHG ACHG AYHG ALHG AFHR AFHG AHYG VLHG VHHG SYHG | .4

Khorasan Razavi (NE) 57¢4) 6735 4 (1) 2(h 1 1(D 8(2) 143
Khorasan Shomaali (NE) 12 1 13
Semnan (NE) 2 2
Ghazvine (NW) 2( 7 1(1) 1(h 9
Zanjan (NW) 1 |
Ardabil (NW) 2(1) 1(1) 1(1) 11 (1) 13
Arzarbacijan Sharghi (NW) 4 2 6
Azarbacijan Gharbi (NW) 3 T 7 2(h 18
Ilam (W) 1 2 2 5
Kermanshah (W) 7 19 10 1 37
Hamadan (W) 4 6 4 2(D) 1 16
Fars (S) 2001 1 20
Kerman (S) 3 5
Total no. of sequences with 82 86 71 26 7 5 1 1 1 23 288

the respective tetrad variant 303

Mixtures of two different tetrads were found in 11 samples and mixtures of three tetrads were found in two samples. When additional sequences
were found in a sample, their number and composition is given in parentheses; NE northeast, NW northwest, § south, C central

) Springer
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Aning acid 111122

position 22234466677236811

umber 13802978903923833
KALHGMAFG75s T ¥ T sLra@BuEccHL P T B

4 F(ALHG)AF197545 ry1s@raBiaccHLrTEE
F(ALHG)AF197549 -.ry1sLraBEcCcHLPTER

7 MALHGIAF197558 .TYISLTA@BHGCELPHDE

13 | IMALHG)AM 715606 TYISLTABHGCHLPTDD
Lmuuc)nnyrm TYISLTABHGCHLPTDD

s USA(AL HG)A Y696127. TYISLTABHGCHLPTDD
15 | INAHHG)AM 715445 TYISLTABHGCHLPTDD
IfAHYG)F J230957 Ay1sLrTaBBGCHLPTDD
,1]_‘hrmﬁa)rmm .TYISLTHBHEHGCHLPTDD
2 b—py 230058 TYISLTEEHGCHLPTDD

15 | INACHE)AM 745510 TYISLTABHGCHLPTDD
—ISp(ACHG)AYEQGfm ~-TYISLTABHGCELPTDD
o IACHG)F M210566 - -ryrsLrTAagHEHGRQHLPTDD
LJ{AYHG)AY&%?M -TYISLTAQRHGCHLPTDD
Sp(AFHG)A Y606173 TYTISLTAFHGCHLPHEDD

L|\maFra)Am ras637 TYISLTAJHGCHLPTDD
£ 55 | agarHaA vess1zs TYISLTAFHGCHLPTDD
4 FIAFHRMA Y696137 ryIsEraguEBCcHELPTDD
P INAFHRIAM 745633 ryisBrafBuBcureroD
N(AFHRIA V606164 visBraGuBcuLpTDD

" A YHG)AM 745565 TYESLTABHGCHLPTDD
JHAFHG)A B207805 ryiscragaccOBERpD
UK(SYHGIDQUUOFI2 .o TyEscBEGEEccHEARDD
| FisyHG)A vedstes ryRscBBgEeccEADoD
o[ USA(SYHG)DQ4fEEIZ rEEsLBABEeEccOEADDD
55| [ INSYHG)AM745619 ryEELABGEuccEEEADD
w5 — KisvHe)pos@1z ryRERLABGEeccOEARDD
cavicusnzoo TYBsorafuccOBBroD

o

Fig. 1 Evolutionary relationships of the P25-encoding regions of
BNYVV RNA-3 from various parts of the world, computed by
MEGA4 software [40], using the neighbor-joining option [9] and
compared to the amino acid polymorphism. The percentage of
replicate trees in which the associated taxa clustered together in the
bootstrap test (1,000 replicates) are shown next to the branches. The
branch lengths are in the same units as those of the evolutionary

VHHG (Khorasan Razavi) tetrads were also detected only
once in mixed infections with ALHG- and AHHG-con-
taining p23, respectively.

The diversity observed within the p25 tetrad is the
highest observed in the world for such an area. By com-
parison, a similar study on BNYVV diversity in which
samples from six Chinese sugar-beet-growing regions were
gathered revealed seven different tetrad motifs [25].
Interestingly, the proportions of the different p25 tetrads
observed were completely different from those in other

arcas where such data have already been gathered, such as
Western Europe or the USA [26, 34]. Their occurrence was
possibly due to spontancous mutations, as suggested by

38

distances. The lerters preceding the parentheses indicate the country
of origin (A Austria, C China, F France, Ir Iran, ir Italy, J Japan, K
Kazakhstan, N Netherlands, Sp Spain, UK United Kingdom, {/SA
United States of America. The letrers in the parentheses refer to the
composition of the amino acid tetrad; they are followed by the
GenBank accession numbers. Sequences obtained in this work are
boxed in gray

Acosta-Leal and Rush [1]. An explanation might be the
wide use of non-resistant polygerm sugar beet cultivars in
conjunction with the intense use of monogerm tolerant
ones, with the possibility of raising soil infectious potential
to high levels and then confronting such soils with virus
resistance genes. Although it was not possible to gather all
the information about the rhizomania-affected sugar beet
cultivars, such data were collected for 151 positive sam-
ples. Most of the A-type samples were associated with the
susceptible Iranian cultivar varietics, while the P-type was

more often found on tolerant varieties. It is also interesting
to note that BNYVYV was first reported as A- and B-type in
Iran [35], but now only the A- and P-types are found.

.
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Source Type | Position Position number Position number in the
number in the P75 coding sequence on ANA 2 P31 coding sequence on RNA 4
inthe RNA 1
sequence

EiIran)
e

Eixa:
£ 120
E1EU-
E{EU-7:
E1BU-K)

£13 (112} A(ED)
ss m17) AiEO)
3-8 atmzs)

Do+ED

2 B1E0;

o] G BOEE EEE g2 c-gEE
wBeicitBrBoBREEE e coBEEREECERES
T sufuvcucvuaBualEEEAZcHuIEEEAIcERAY
Evsvl JuBEEREEvcocoBaNoBNEE aZcBoaEERAIEREY

Fig. 2 Comparison of sequences of portions of RNAs 1, 2 and 4 of an
Iranian P-type isolate with the comesponding sequences of P-types
from other parts of the world and of other BNYVV types. To aid in
the analysis, only the nucleotides in those positions are shown in
which the Iranian P-type differs from other P-types or where all
P-types differ from at least two other BNYVV types. The nucleotides
that differ from those in the corresponding positions in the Iranian
P-type are highlighted by white letters on a black background. Kas
Kazakhsta rance, A(EU) European A-types, A(EA) East Asian
A-type, B(EU) European B-type. The GenBank accession numbers
for partial or complete RNA sequences are FI230959, DQ462117,

The amino acid compositions of the various Iranian p25
sources were also compared to those from other BNYVV
sources containing p25 with the same tetrads (Fig. 1)
Iranian p25 with AHHG, ACHG and AFHR tetrads had
almost the same amino acid composition as the corre-
sponding  European p25 containing AYHG
differed from Japanese and Chinese AYHG sources in one

sources

or several amino acid positions (Fig. 1), Iranian ALHG p25

were similar to Italian and US sources but different from
the Kazakh, French and Dutch sources already described.
Iramian AFHG p25 was identical or similar to two Euro-
pean AFHG P25 sources but differed at four positions from
the Japanese source. Interestingly, the four exchanges in
the C-terminal half of the sequence were identical to those
observed in the SYHG p25 of the P-type (Fig. 1).

The SYHG-containing p25 of the Iranian P-type had an

identical amino acid composition in all 23 samples inves-
tigated. They originated from different arcas in the
northeast, the northwest and west of the country. This
P-type was found preferentially in fields heavily cropped
with sugar beet resistant varieties. The amino acid compo-
sition of this Iranian P-type p25 was very similar to that of
P-type isolates from other countries (France, Kazakhstan,
UK) and to that of the SYHG-containing p25 from two
isolates in the USA (Fig
isolates, howe

. It differed from that of other

cr, by a *C” rather than an *R” (Kazakhstan)
ran ‘S’ (France, UK, USA) at amino acid position 30.

To check whether the other RNAs of these Iranian

SYHG P25-encoding virus isolates had P-type sequences,

~
&1 Springer

DQM62116, DOA62114, DQ462113,  DQ462115,  DQ459316,
EU330453, EU330450, D84410 and X05147 for RNAs 1 of isolates
Vall7-GR1, K-Kas3, K-Kas2, F-Pi 75, F-Pi 72, F-Pi 76, UK-MH, E12.,
S8, jap-S, F-F2, respectively: FM210683, AF197556, AF197547,
EU330451, EU330452, NC0O03515 and X04197 for RNAs 2 of the
isolates IR-GR1, K-Kas3, F-Pi 75, UK-MH, E12., S8, jap-S, F-F2,
respectively, and FM210681, AF197557, AF197554, AF197548,
AF197546,  AF197550, AF197548, DQ#40514, AF197552,
AF197559, NC003517 and M36896 for RNAs 4 of isolates IR-GR1,
s3, K-Kas2, F-Pi 75, F-Pi 72, F-Pi 76, UK-MH, 112., NL7, jap-S,
, respectively

we attempted to amplify portions of their RNAs 1, 2, 4 and
5. PCR products were readily obtained for the first three
RNAs. However, with none of the 23 samples from dif-
ferent parts of the country were we able to obtain a PCR
product with primers specific for RNA-5. RNA-5 is nor-
mally associated with P-type BNYVV in France [16, 34],
Kazakhstan [17] and the UK [10, 42]. The RNA-5-free
P-type has, however, been reported previously from a
location in France [21], The partial sequences obtained for
RNAs 1, 2 and 4 of these Iranian virus sources contained
most of the nucleotide substitutions that differentiate the
P-type from other BNYVV types (Fi
P-type shows a higher degree of sequence identity in all three
RNAs with the P-types from Kazakhstan, especially the
Kas3 isolate, than with the European P-types from France
and the UK (Fig. 2). An RNA-3 coding for a SYHG tetrad
has also been reported from the Imperial Valley in the USA

g.2). The Iranian

[26, Fig. 1]. The coat proteins of these isolates, however,
have typical BNYVV A-type amino acid sequences which
are characterized by Ky7 Tea Viga Syoa Li72. whereas
P- and B-type coat proteins have Ry7 Tg L2 Syo3 Ly72 and
K17 S62 Vige Nyos Frgas respectively, [17, 23, 30, 34].

This study demonstrates the occurrence of wide varia-
tions within the RNA-3-located p25 coding region in a vast
country like Iran. Looking at studies on the impact of such
variations on resistance response and pathogenicity [1, 6, 7,
13, 19, 26, it stresses the need for developing efficient

strategies for controlling a wide variety of different types
and subtypes of BNYVV,

39



Chapter 3-ResultdfanianBeet necrotic yellow vein virus

Iranian beet necrotic yellow vein virus

505

Acknowledgments This work was supported in part by a scholar-
ship to M. Mehrvar from the Ministry of Science, Rescarch and
Technology, Iran, by the Walloon region (DGA. subvention
D31-1146) and in part by the Arbeitsgemeinschaft industricller
Forschungsvereinigungen (AiF Grant 14163 N72, GFP BR42/04) in
Germany.

References

1. Acosta-Leal R, Rush CM (2007) Mutations associated with
resistance-breaking isolates of Beet necrotic yellow vein virus and
their allelic discrimination using TagMan technology. Phytopa-
thology 97:325-330

. Asher MJC (1993) Rhizomania. In: Cooke DA, Scott RK (eds)
The sugar beet crop science into practice. Chapman & Hall,
London, pp 311-346

. Bouzoubaa S, Guilley H, Jonard G, Richards K, Putz C (1985)
Nucleotide sequence analysis of RNA-3 and RNA-4 of Beet
necrotic yellow vein virus, isolates f2 and gl. I Gen Virol
66:1553-1564

. Bouzoubaa S, Ziegler V, Beck D, Guilley H, Richards K, Jonard
G (1986) Nucleotide sequence of Beet necroric yellow vein virus
RNA-2. J Gen Virol 67:1689-1700

. Bouzoubaa S, Quillet L, Guilley H, Jonard G, Richards K (1987)

Nucleotide sequence of Beer necrotic yellow vein virus RNA-1.

J Gen Virol 68:615-626

Chiba S, Miyanishi M, Tamada T (2002) Single amino acid

changes in the P25 protein of Beer necrotic yellow vein virus

determine resistance responses of Beta vulgaris spp. maritima. In:

Rush CM, Merz U (eds) Proceedings of the 5th symposium of the

international working group on plant viruses with fungal vectors,

22-25 July 2002. Zurich, pp 5-8

. Chiba S, Miyanishi M, Andica IB, Kondo H. Tamada T (2008)
Identification of amino acids of the Beet necrotic yellow vein
virus p25 protein required for induction of the resistance
responses in leaves of Bera vulgaris plants. ] Gen Virol 89:1314-
1323

. Devereux I, Hacberli P, Smithies O (1984) A comprehensive set
of sequence analysis programs for the VAX. Nucl Acid Res
12:387-395

. Felsenstein J (1985) Confidence limits on phylogenies: an
approach using the bootstrap. Evolution 39:783-791

. Harju VA, Mumford RA, Blockley A, Boonham N, Clover GRG,
Weekes R, Henry CM (2002) Occurrence in the United Kingdom
of Beet necrotic yellow vein virus isolates which contain RNA 5.
Plant Pathol 51:811

. Izadpanah K, Hashemi P, Kamran R, Pakniat M, Sahandpour A,
Masumi M (1996) Widespread occurrence of rhizomania-like
disease of sugar beet in Fars. Iran J Plant Pathol 32:200-206

. Jupin I, Guilley H, Richards KE, Jonard G (1992) Two proteins
encoded by Beet necrotic yellow vein virus RNA 3 influence
symptom phenotype on leaves. EMBO J 11:479-488

. Klein E, Link D, Schimmer A, Erhardt M, Gilmer D (2007)
Sequence variation within Beet necrotic yellow vein virus p25
protein influences its oligomerization and isolate pathogenicity
on Tetragenia expansa. Virus Res 126:53-61

14. Koenig R, Jarausch W, Li Y, Commandeur U, Burgermeister W,

Gehrke M, Luddecke P (1991) Effect of recombinant Beet
necrotic yellow vein virus with different RNA compositions on
mechanically inoculated sugar beets. J Gen Virol 72:2243-2246
15. Koenig R, Liiddecke P, Hacberle AM (1995) Detection of Beet
necrotic yellow vein virus strains, variants and mixed infections
by examining single-strand conformation polymorphisms of
immunecapture RT-PCR products. J Gen Virol 76:2051-2055

ta

w

&~

o

o

-

=

o

=

=)

=

=y

2

5

3

Koenig R, Hacberle AM, Commandeur U (1997) Detection and
characterization of a distinct type of Beet necrotic yellow vein
virus RNA S in a sugar beet growing area in Europe. Arch Virol
142:1499-1504

. Koenig R, Lennefors BL (2000) Molecularanalyses of European A,

BandPtype sources of Beet necrotic yellow vein virus and detection
of the rare P type in Kazakhstan. Arch Virol 145:1561-1570
Koenig R, Kastirr U, Holtschulte B, Deml G, Varrelmann M
(2008) Distribution of various types and P25 subtypes of Beer
necrotic yellow vein virus in Germany and other European
countries. Arch Virol 153:2139-2144

Koenig R, Loss S, Specht J. Varrelmann M, Liiddecke P, Deml G
(2009) A single C/U nucleotide substitution changing alanine to
valine in the Beet necrotic yellow vein virus P25 protein promotes
increased virus 4 lation in roots of mect Ily inoculated,
partially resistant sugar beet seedlings. J Gen Virol (in press)
Kruse M, Koenig R, Hoffman A, Kaufmann A, Commandeur U,
Solevyev AG, Savenkov [, Burgermeister W (1994) Restriction
fragment length polymorphism analysis of reverse transcription-
PCR products reveals the existance of two major strain groups of
Beet necrotic yellow vein virus. ) Gen Virol 75:1835-1842

. Lemaire O, Beuve M, Weber C, Schirmer A, Link D, Meunier A,

Bragard C, Gilmer D (2003) Etiology and molecular epidemiol-
ogy of a severe rhizomania discase occurring in confined
locations in Europe: hypothesis for the implication of the RNA-3
andfor-3 of Beet necrotic yellow vein virus (BNYVV)-P patho-
type. In: Proceedings of the Ist joint IRBASSBT congress, 26
February-1 March 2003, San Antonio, pp 303-318

22, Lennefors L, Lindsten K, Koenig R (2000) First record of A and

B type Beet necrotic yellow vein virus in sugar beets in Sweden.
Eur J Plant Pathol 106:199-201

. Lennefors BL, Savenkov El, Mukosa SB. Valkonen JPT (2005)

Sequence divergence of four soilborne sugarbeet-infecting viru-
ses. Virus Genes 31:37-64

LiDW, Yu JL, Han CG, Lui T, Quin SC, Lui Y, Koenig R (1999)
Detection and nucleotide sequence analysis of Beer necrotic yellow
vein virus RNA 5 isolated from China. Chin J Biotech 15:461-463

. Li M, Liu T, Wang B, Han C, Li D, Yu J (2008) Phylogenetic

analysis of Beet necrotic yellow vein virus isolates from China.
Virus Genes 36:429-432

26. Liu H, Lewellen RT (2007) Distribution and molecular charac-

oy
et

40

terization of resistance-breaking isolates of Beet necrotic yellow
vein virus in the United States. Plant Dis 91:847-851

Meunier A, Schmit JF, Stas A, Kutluk N, Bragard C (2003)
Multiplex RT-PCR for the simultancous detection of Beet
necrotic yellow vein virus, Beet soilborne virus, Beet virus Q and
their vector Polymyxa betae KESKIN on sugar beet. Appl
Environ Microbiol 69:2356-2360

Meunier A (2005). Typing of Belgian Beet necrotic yellow vein
virus, characterization of RNA-2 and RNA-3 coding regions and
relationsips with different steps of the virus cycle. PhD thesis,
UCL, Louvain-la-Neuve, Belgium, 122p

Meunier A, Schmit JF, Bragard C (2005) Comparison of the Beer
necrotic yellow vein virus P75 nucleotide sequences of Belgian
type A and type B sources. Virus Res 108:15

. Miyanishi M, Kusume T, Saito M, Tamada T (1999) Evidence for

three groups of sequence variants of Beer necrotic yellow vein
virus RNA 5. Arch Virol 144:879-892

. Ratti C, Resca R, Lanzoni C, Rubies Autonell C (2006) Amino

acid changes in the 25 protein of Beet necrotic yellow vein virus.
In: Rush CM, Merz U (eds) Proceedings of the 6th symposium of
the international working group on plant vimses with fungal
vectors, 5-7 September 2005. Bologna, p 53

. Rush CM, Liu HY, Lewellen RT, Acosta-Leal R (2006) The

continuing saga of rhizomania of sugar beets in the United States.
Plant Dis 90:4-15

@ Springer



Chapter 3-ResultdfanianBeet necrotic yellow vein virus

506

M. Mehrvar et al.

33. Saitou N, Nei M (1987) The neighbor-joining method: a new

method for reconstructing phylogenetic trees. Mol Biol Evol

4:406-425

Schirmer A, Link D, Cognat V, Moury B, Beuve M. Mcunier A,

Bragard C, Gilmer D, Lemaire O (2005) Phylogenetic analysis

of isolates of Beer necrotic yellow vein virus collected worldwide.

1 Gen Virol 86:2897-2911

35. Sohi H, Maleki M (2004) Evidence for presence of types A and B
of Beet necrotic yellow vein virus (BNYVV) in Iran. Virus Genes
29:353-358

36. Tamada T. Shirako Y, Abe H. Saito M. Kiguchi T. Harada T
(1989) Production and pathogenicity of isolates of Beet necrotic
yellow vein virus with different numbers of RNA components.
J Gen Virol 70:3399-3409

37. Tamada T, Kusume T. Uchino H. Kiguchi T, Saito M (1996)
Evidence that Beet necrotic yellow vein virus RNA-5 is invelved
in symptom development of sugar beet roots. In: Sherwood JL,
Rush CM (eds) Proceedings of the 3th symposium of the inter-
national working group on plant viruses with fungal vectors,
Dundee, 6-7 August 1996, pp 49-52

S

@ Springer

41

3

=

3

=3

4

=3

41.

. Tamada T, Miya

. Tamada T, Uchino T. Kusume T, Saito M (1999) RNA 3 deletion

mutants of Beet necrotic yellow vein virus do not cause rhizo-
mania disease in sugar beets. Phytopathology 89:1000-1006
nishi M, Kondo H, Chiba H, Han G (2002)
Pathogenicity and molecular variability of Beer necrotic yellow
vein virus isolates from Europe, Japan, China and The United
States. In: Rush CM, Merz U (eds) Proceedings of the Sth
symposium of the international working group on plant viruses
with fungal vectors, Zurich, 22-25 July 2002, pp 13-16

. Tamura K. Dudley J. Nei M, Kumar S (2007) MEGA4: molecular

cvolutionary genetics analysis (MEGA) software version 4.0,
Mol Biol Evol 24:1596-1599

Vetter G. Hily JM, Klein E. Schmidlin L. Haas M. Merkle T.
Gilmer D (2004) Nucleo-cytoplasmic shuttling of the Beer
necrotic yellow vein virus RNA-3 encoded P25 protein. J Gen
Virol 85:2459-2469

2. Ward L, Koenig R. Budge G. Garrido C, McGrath C. Stubbley H.,

Boonham H (2007) Occurrence of two different types of RNA-5-
containing Beer necrotic yellow vein virus in the UK. Arch Virol
152:59-73






Chapter IV.

Iranian Beet soil-bornevirus and
Beet virus Q



Chapter 4-Resultdfanian pomoviruses

Iranian Beet soil-borne virus and Beet virus Q

Beet soil-borne virus(BSBV) and Beet virus Q(BVQ) are two
members of the genuBomovirusthat are transmitted bjolymyxa
betae BVQ and BSBV are commonly found in fields wherd\BvV
the causal agent of rhizomania disease, is pregdéetnier et al,
2003). For the purpose of evaluating the presedivrsity and in
some extend the characterization of these virusésm a survey was
conducted to define the situation of Iranian sugeet pomoviruses.
As these viruses are normally accompanied by BNYik\infected
sugar beet fields, we focused on their coat prossiquences for
finding a possible variation within them althoudtese viruses show
less variation and then we tried to make a fulgtnnfectious clone
of Iranian BSBV which was accompanied by BNYVV inhaavily
infected sugar beet field in Iran (Nyshabour, KisaraRazavi).

Distribution and characterization of Iranian Beet soil-bornevirus

Beet soil-borne virusvas present in nearly half (one hundred and
seven out of two hundred and three infected sanipleBNYVV) of
the Iranian samples (52.7%) mostly accompanied YWV and just
in 6 samples it was alone, in fifty samples (23.) %o was
accompanied by BNYVV. In other cases the IranianBBSwas
accompanied by two viruses of BNYVV and either BY¥(BBSV. In
3.7% of the samples it was associated by BNYVV, B&ftg BBSV.
Interestingly the BSBV was never found in assocratwith BBSV
which raised some questions about the possibilftyinteractions
between sugar beet pomoviruses and BBSV or BBS#lisatin one
side and on the other side the role of BNYVV irenaiction between
all these viruses.

In terms of symptoms pertaining to this virus theses not a specific
symptom but only shared root proliferation and gehgellowing of
fields. Due to presence of BSBV alone in six samgieour samples
we speculated that may be it could be infectioomealcontrarily by
BVQ which has not been found alone. Also it wagritiigted in most
of the Iranian areas under the cultivation of sumset.

Coat protein sequencing of eighteen Iranian BSBV ddates

Coat protein sequences of 18 Iranian BSBV plus ofaiss from
China, Germany, France and USA showed not too madhtion and
that most of the genome is conserved. Totally 3fatrans out of 495
nucleotides in CP sequences were found which is tean 7 %
variation in BSBV coat protein gene in nucleoti@edl. The major
changes are in positions 99, 225, 246 and 441.okitipn 99, 9

44



Chapter 4-Resultdfanian pomoviruses

Iranian isolates (36%) have residue U and 9 issl¢86%) have
residue C other isolates have residue U except W8eand one
Chinese isolates which have residue C. In posifd6, 14 Iranian
isolates plus two isolates from USA and China hagidue A and just
4 Iranian isolates plus isolates from China, Fraamé Germany have
residue G. In position 441, 10 isolates have resilland 13 isolates
have residue U while 2 isolates have residue Ghétrest of the CP
sequences there is just 1 or 2 mutation in eadateso in different
positions. But in CP amino acids sequences of 18\B®lus 7
isolates from China, Germany, France and USA tharee just 8
changes (4.9% variation in amino acid level) inipas 20, 76, 85,
110, 116, 136, 140 and 157 (Fig. 1). This showed thost of the
mutations are silent and the CP sequence is cadenay be due to
constraints which imposed by vector or host plautdrs. Also the
phylogenetic tree of CP of 18 Iranian BSBV is showrFig. 2. In
terms of full-length sequences of different RNAsl@ian BSBV in
nt level it was 97 % identical to Polish and Chassurces and 96 %
to German source of BSBV RNAL in nt level. In RNA@d RNA3 it
was 96 % identical to Polish, Chinese and Germainces of BSBV
RAN2 and RNA3 in nt level.
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BSBV Position number
Sources in the coat protein coding sequence
1 111222222222@2233|:| |:||:F 33444|:|

1335(79256789001122444589 59013447

506829038738470357069352 437951f0
Ir-16 GCUCUUCGGAUGU  [EAUCACAUGUUUAA EcAacA [RUA
Ir-19 GCUCUUCGGAUGU [EAUCACAUGUUUAA EcAacA [RUA
Ir-18 GCUCUUCGGAUGUAAUCACAUGUUUA A ECACA [BUA
Ir-35 GCUCUU [EGGAUGUAAUCACAUGUUUAAACACA BUA
Ir-172 GCUCUUCGGAUGUAAUCACAUGUUUA AACACA [BUA
Ir-59 GCUCUUCGGAUGUAAUCA BAUGU BUAAACACA [JuUA
Ir-107 GCUC BUCGGAUGUAAUCACAUGUUUAAACA CEEUA
Ir-28 GCUC EUCGGAU [BUAAUCACAUGUUUAAACAC EEUA
Ir-110 GCEC BUCGGAUGUAAUCACAUGUUUAAACA CERUA
Ir-114 GCUCU ECGGAUGUAAUCACAUGUUUAAACAC ARUA
Ir-176 GCUCU [€CGG [EUGUAAUCACAUGUUUAAACACA BUA
Ir-52 GCUCU ECGGAUGUAAUCACAUGUUUAAACAC ARBUA

Ir-143 CUC EECGGAUGUAAUCAC EUGUUUAAACA BAUUA
Ir-150 GCUC EECGGAUGUAAUCAC EESGUUUAAACACAUUA
Ir-123 GCUCU ECGGAUGUA [EUCAC [EUGUUUAAACACAUUA
Ir-132 GLUCU ECGGAUGUAAUCAC EU BUUU BAACACAUUA
Ir-129 GIUCU ECGGAUGUAA [BCACAUG [UUAAACACAUUA
Ir-105 GCUC EECGGAUGUAAUCA BAUGUUUAAACACAUUA

Ch-1 GCUCUUCGGAUG [EAAU BA BEUGUUUAAACACAUUA

Ch-2 GCUCUUCGGAUG [EAAU §A BEUGUUUAAAC [CAUUA
Ch-3 GCU EUUCGGAUG [EAAU EEEEUGUUUAAACACAUU U
Fr GCUCUUCG @A BGUAAU [EA BEUGUU [EAAACACAU @A
6r GCUCUUCG @A G EAAU EA BEUGUUUAAA [ACAU BA
Us GCECU BC WBAUG EAAU §A BAUGUUUA [EA BACAU BA
Ch-4 GCECU BC WBAUG EAAU §A BAUGUUUA [EA BACAU BA

Fig. 1 Comparison of nt sequences of the coat proteitBdfanian BSBV by other
sources of BSBV from China, France, USA and GermaNymbers are
corresponding to the BSBV coat protein nt sequenme Germany (AJ810287),
(Ch China, Fr France, Gr Germany, US USA and h)lra
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70 19
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42 25

110(BSBVCP)
107(BSBVCP)
28
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176
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65
495f— EF51CHINA
EF300CHINA
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100 | EF53CHINA

0.002

Fig. 2 Phylogenetic tree of the 18 Iranian BSBV coat @rotnt sequences plus
seven BSBV coat protein nt sequences from Germirance, USA, and China
using MEGA4 program (Neighbor joining method). Tlygeay boxed isolate
(Nyshabour, Khorasan Razavi province) fully segeenc
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Making full-length infectious clone of BSBV-Ny ischte from
Iranian BSBV sources and its characterization

By making a full-length clone of Iranian BSBV weeatked it for the
possible infections. This full-length was infectsooin C. quinoaand

showed necrotic local lesions after 5-6 dpi (Fiy. So it shows that
this virus also has some extend of impact (pathiegghand role in

rhizomania disease but the exact role and possiltéeaction of it

should be further investigated.

b o

"

Fig. 3 (left) Symptoms of Iranian BSBV-Ny full-length infectiselone on leaves of
C. quinoa6 dpi (ight) and 8 dpi.

Distribution and characterization of Iranian Beet virus Q

Beet virus Qwas present in 17.2 % (thirty five out of two huedl and
three samples) of the Iranian samples. In nine Br(@.1 %) it was
accompanied by BNYVV and just in one sample it wasompanied
by BBSV (0.46 %). In other cases it was accompabhietivo viruses
of BNYVV and either BSBV or BBSV. In 3.7 % of tharmples BVQ
found associated with BNYVV, BSBV and BBSV whichsed the
guestion of synergism or recombination amongstethésises, yet to
be investigated. Interestingly also, BVQ was nefeemd altogether
with the BBSV satellite, and this fact might beated with the
hypothesis of BVQ being possibly a satellite viras, raised from
work of Meunieret al (2005) and Crutzeet al (unpublished data).

In terms of symptoms related to this virus theres wat specific
symptoms but only root proliferation and generalloyging of the
fields. This virus was present in most of the laniprovinces
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cultivated by sugar beet but in a less extend BidWVV, BSBV and
BBSV.

Coat protein sequencing of eleven Iranian BVQ

Eleven isolates of Iranian BVQ out of 34 samplesenselected from
different parts of Iran and their coat proteins aveequenced. The CP
sequences of Iranian BVQ isolates showed not tochnvariation and
most of the genomes of this gene were conservedseltwere 14
mutations out of 501 nt. (2.79 % variation in natides level) in
positions of 28, 30, 39, 69, 93, 102, 234, 260, 3B, 345, 422, 425
and 429 of BVQ CP gene (Fig. 4). But in CP aminmls&sequences
of 11 BSBV plus two isolates from Germany and Featiere are just
5 changes (3% variation in amino acid level) (Y. This showed
that most of the mutations like BSBV are silent dimel CP sequence
is conserved may be due to constraints which inghdsevector or
host plants factors.

A phylogenetic tree of 11 nt sequences of IranidQBcoat protein,
two CP nt sequences from Germany and France andCéhent
sequences of PMTV from Sweden has been showngFig.
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BVQ Position number in the coat protein coding region

Sources 122233441}
69 o 66 44 22
9

Ir-141
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Fig. 4 Comparison of nt sequences of the coat protelridfanian BVQ isolates by
their German (Gr) and French (Fr) counterparts. bens are corresponding to coat
protein nt sequence of one BVQ isolate from FraAc10289).
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g1) I-141BVQCP
8l Ir-145BvQCP
Ir-169BVQCP
Ir-159BVQCP
Ir-150BVQCP
601 r-168BVQCP
Ir-115BVQCP
Ir-192BVQCP
Ir-189BVQCP

72 ||'Ir-203BVQCP
Gr-BVQCP(A J810290)

Fr-BVQCP(J810289)
Ir-136BVQCP

SW-PMTVCP(NC 003724)

0.5

Fig. 5 Phylogenetic tree of 11 Iranian, one German ang lerench BVQ CP nt
sequences plus one nt sequences of PMTV CP frond&8Swesing MEGA4 program
(Neighbor joining method). (Gr Germany, Fr Frar8@/ Sweden)
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Abstract

Iran was surveyed fdBeet black scorch viru§he virus was found in
31% of the sugar beet and soil samples and oud @girdvinces when
BBSV satellite was found in only 8.8%. BBSV was teysatically

found in association with thBeet necrotic yellow vein viruasnd/or

other sugar beet pomoviruses. The overall orgdnizatf the Iranian
BBSV genome closely resembled previously descrigethtes from

China and the USA, with identities level from 88&calmost 100 %.
Using full-length infectious clones, it was showatt mutations within
the 3'UTR, acting as a BYDV cap-independent traistaelement,

did not affect either the RNA structure or the fiims of the virus.
All the BBSV supporting a satellite did bear anrdide at the position
3398. The Iranian BBSV satellite sequences, despitenerous
variations at sequence level, include a sequemgtdyhhomologous to
the Argonaute 1 gene of sugar beet.
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Beet black scorch virugBBSV) is a Necrovirus of the
Tombusviridaefamily (Lommel, 2005), described as causing severe
systemic disease symptoms of black scorched leawnes severe
stunting in sugar beeBgta vulgarisL.) in China (Yuanet al, 2006;
Weilandet al, 2007). The virus is transmitted efficiently thgbuthe
soil in a non-persistent manner by zoospores otcthyrid Olpidium
brassicae(Jiang, 1999). It was first identified in Inner Mywiia,
China, in the late 1980s (Liu & Xian, 1995; Zhai@96; Li et al,
2008a) and was recently reported from the USA (sveilet al,
2007), Iran (Koenig & Valizadeh, 2008) and Europgoifzales-
Vazquez, 2009) where it did not show black scomghon the leaves,
but bore exacerbated symptoms of rhizomania, sushroatlet
proliferation (Weiland et al, 2007; Gonzales-Vazquez, 2009)
Symptomless infections have also been observedumgars beet
(Weilandet al, 2007). The virus can be detected in the hosttplay
ELISA, RT-PCR and by retro-inoculation ©8henopodium quinoa
(Yuanet al, 2006).

BBSV shares the highest sequence identity (61%h wit
Tobacco necrosis viruB (TNV-D) (Couttset al, 1991). Complete
sequences of one Chinese (BBSV-N) and one US (BBSYBBSV
isolate comprise seven and eight open reading Baif@RFs),
respectively (Yuaret al, 2006; Weilancet al, 2007). Normally, only
a single RNA was associated with infections, busnaall single-
stranded RNA (ssRNA) that is similar to the saIRNAs (sat-RNA)
of other necroviruses was found in isolates fromXimjiang province
in China (Guoet al, 2005). The sat-RNA of BBSV belongs to the
small linear satellite RNA subgroup, which contageveral subviral
RNAs associated with helper viruses in fhembusviridaefamily,
including Turnip crinkle carmovirus(TCV), Cymbidium ringspot
tombusvirus(CyRSV), Tomato bushy stunt tombusvir(BBSV) and
Cucumber necrosis tombusviru€CuNV). The BBSV sat-RNA
genome is similar in size to the satellite RNAsSGYRSV (~0.7 kb)
and TBSV (~0.7 kb) (Guet al, 2005). This small RNA multiplied in
test plants only when associated with BBSV genoRIMA, either
from the same viral isolate or from other sourdeBBSV (Guoet al,
2005). The presence of sat-RNA resulted in moralltEsions on the
leaves ofC. amaranticolorplants than did inoculation with BBSV
RNA.

Until now, BBSV has been found in distant sugart lojgewing
areas (Weilancet al, 2007; Koenig & Valizadeh, 2008; Let al,
2008a; Gonzales-Vazquez, 2009). There are no déécly available
yet on the level of distribution of the virus iroe countries, or about
its economic importance, although by comparisorhvBNYVV it

55



Chapter5-ResultdfanianBeet black scorch virudiversity

might have strategic importance in the future, ety in warmer
areas. The recent discovery of BBSV has also raisedjuestion of
its origin. In this study, the widespread occureen€ BBSV, alone or
with its satellite, in most sugar beet growing are# Iran was
assessed by bioassays and RT-PCR. Research wasedoon the
3'UTR, a genome region acting adBarley yellow dwarf virucap-

independent translation element as well as ending Ipoly-A tail

substitute acting probably as promoter for thedtign of the negative
strand synthesis (Shen & Miller, 2007).

A total of 203 soils and sugar beet samples wetleegad and
tested for the presence of BBSV. The virus was domnn62 (31%) of
the tested Iranian sugar beet fields. The virupresent in the 10
provinces where sugar beet is cultivated: it wasnmged in 31% of the
samples analyzed, but the satellite was detectedIyn8.8%, which is
nevertheless much higher than reported from Clon&BSV. It was
distributed in the Iranian provinces of Ardabil, &bijaan Sharghi,
Azarbijaan Gharbi, Ghazvine, Hamadan, Kerman, Keshah,
Khorasan Shomali, Khorasan Razavi and Zanjan, septang most of
the areas where sugar beet is grown in the couftrg. satellite of
BBSV was also found in 8.8% of the samples andh@a same
provinces, except for Azarbijaan Sharghi. The symst at field level
were similar to rhizomania symptoms, mainly rooblieration.
Heavily affected sugar beet fields were recordedcei{iMar et al,
2009). Mixed infections of BBSV isolates were alswident in
samples from the Kermanshah (Islam Abad Gharb)ipcev

In this study, the complete nucleotide sequencesgamome
organization of eight chosen BBSV sources namez&hl, Ir-Hal,
Ir-Ha2, Ir-Ksh3, Ir-Ksh6, Ir-Shl, Ir-Mshl and Ir-K% were
determined (accession number FN543469, FN54347((4BA66,
FN543467, FN543468, FN543471, FN565520, FN54342t) a
compared with those of US-Co, Ch-N, -X and TNV-[heTlinear
alignments of the 3,644-nt genomes of Ir-AzGhlH#t, Ir-Ha2, Ir-
Ksh3, Ir-Ksh6, Ir-Sh1, Ir-Msh1 and Ir-Ksh1l with U3, Ch-N and
Ch-X ranged from 88 % to 100 % identity. The mapiRFs predicted
from the sequences of the US and Chinese BBSV segqaewere
conserved in Iranian BBSV (Koenig & Valizadeh, 208he ORF
designation proposed by Yuaat al (2006) will be used hereatfter,
except when otherwise stated (Yustnal, 2006). The ORF encoding
p5’ and p4 proteins reported in Chinese (Ch-N) and US (US-Co)
isolates, respectively, were not evidenced in #anBBSV sources
studied (Koenig & Valizadeh, 2008). A putative ORét present in
the Chinese Ch-N sequenced isolates but in the 8SCU isolate,
designated ap10 by Weilandet al (2007), was also found in three
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Iranian BBSV. This proteipl0 (designated10 in Ir-Ha2, Ir-Ksh3,
Ir-Ksh6 andP9 in Ir-AzGh1) has a start and stop codongaJG to

U297/GA) in Ir-Ha2, Ir-Ksh3, Ir-Ksh6 and (#03dJG to UxgodGA) in Ir-

AzGhl, which is different from their US counterpd&e9;UG to

U2974GA). The Iranian Ir-Hal, Ir-AzGh1l Ir-Sh1, Ir-Mshhé Ir-Ksh1l

isolates contain also a putative gene calfgb which was not
evidenced in the US and Chinese BBSV isolates. ciimparison of
the genome sequences of eight BBSV isolates shogsstering of
the strains in two different groups (data not shpwsuggesting
multiple contamination of sugar beet in Iran, pedhdrom another
unknown host linked to the soil vectOipidium

BBSV lacks both a 5 cap and a poly (A) tail, butis
translated efficiently, owing partly to Barley yellow dwarf virus
(BYDV)-like cap-independent translation elementiis 3’ region
(UTR) (Shen & Miller, 2007). The analysis of BBSWaelrsity in Iran
reveals a wider diversity than that reported foin@hor the USA in
the portion of the genome. The 3' UTR shows 56 tuta at the
nucleotide level, and up to 26 different sequern@ese been indexed
from our isolate collection (Fig 1, accession numli@ Iranian
sequence : FN543402, FN543403, FN543404, FN54349543406,
FN543407, FN543408, FN543409, FN543410, FN543411,
FN543412, FN543413, FN543414, FN543415, FN543416,
FN543417, FN543418, FN543419, FN543420, FN543421,
FN543422, FN543423, FN543424, FN543425, FN543426jations
did not affect the overall structure of the 3'UTBriihe sites involved
in either the canonical BYDV-Cap independent tratigsh element or
the poly-A tail substitute potentially involved ithe replication
initiation (Fig 2). Furthermore, using three diffat full-length clones
of Ir-Ksh1, Ir-Msh1l and Ir-Sh1, it was shown thdgspite several
mutations, the virus remained infectious and profutctional for
both coat protein production as demonstrated by t&vesblot and
replication as verified by real-time RT-PCR (datd shown).

Approximately 25% of the BBSV-containing sampliesnd in
I[ran are associated with the virus satellite. Téedellite has been
found to enhance symptom expression, although trapt®ms
observed were mostly similar to rhizomania symptorather than the
beet black scorch symptoms (Weilaetal, 2007; Liet al, 2008a).
Weilandet al. (2007) reported similar results in the USA, althlodhe
sugar beet in their trials was not contaminate@RyVV.

All the BBSV strains associated with the BBSV ddtel

clustered together in similar groups when compatieg3’UTR. This
part of the genome is of the uttermost importamceviral replication
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and translation, with itBarley yellow dwarf viru§BYDV)-like cap-

independent translation element, as well as a ceedestructure
common with other necroviruses (Shen & Miller, 2D0Further
analysis is needed to fully understand the readothis clustering,
which might explain the differences observed betwsatellites from
China and Iran. Interestingly, each isolate assediwith the satellite
has an Adenine instead of a Guanine at the pos3688 (Fig 1).

The four Iranian BBSV satellite sequences, Ir-Haldr-
Msh1lsat, Ir-Khlsat and Ir-Bjlsat are constitutedd¥ nt, while the
previously described Chinese BBSV satellites ChtXsad Ch-2sat
isolates have only 615 nt and Ch-3sat has 616thtiva coding ORF.
The comparison between these seven satellite seggishowed up to
116 mutations (Fig. 3a). In a very few cases, tBS® satellite was
found alone without the presence of the helper syirpossibly
‘waiting’ for the helper virus, as noted by Muraarid Mayo (1982).
On Iranian BBSV satellite isolates, putative gepessibly coding for
small proteins tentatively calldeé andP7 have been found, but their
real expression or roles have yet to be establidinéerestingly, a 47
nt sequence homologous to tResum sativumArgonaute gene was
identified within the P6. It was shown that suckeguence was even
more homologous to the AGO sequences ffonguinoa(81%) and
Beta vulgaris (79%) (This study: accession numbers FN556159,
FN556160).

The presence of two putative genes within the BBa£llite
raises questions about the role of such peptideseasioned for TNV
(Bringloeet al, 1998). Similarly, the discovery of a piece ofisence
homologous to the Argonaute 1 gene of sugar beasesamight
indicate that BBSV satellite is targeting the piwatiscriptional gene
silencing of the host plant for silencing it by @&n mechanisms, thus
adding another possible suppression route to trea@d numerous
routes listed for plant viruses (Gosseteal, 2002; Wanget al, 2004;
Joneset al, 2006; Bortolamiokt al, 2008; Suret al, 2009).

For the satellite sequence as for the 3'UTR, despimerous
mutations, conserved elements among the viral genoiggers the
interest. Yuanet al (2006) hypothesized that stem-loop structures
found both at the 5’ and 3’ end of the satellitgimibe involved in 5'-

3’ RNA-RNA interaction, though no protein are eneddby the
Chinese BBSV satellite. The potential presencentdlsORF within
the satellite sequence might explain the presefhseaah translational
enhancers, though structural analysis does noy fsllpport this
hypothesis (Guet al, 2005). Interestingly, the overall structure fud t
BBSV satellites was found deeply conserved, withighly ordered

58



Chapter5-ResultdfanianBeet black scorch virudiversity

secondary structure made of 32 short inverted tspef 3 to 9
nucleotides. This structure is probably promoting efficient
replication re-initiation process. It is also imsting to note the
conserved 3’end nucleotides, somewhat similar & 3hend of the
BBSV genome, with a GXTxCCC sequence involved enrtplication
initiation process.

The presence of other soil-borne viruses in cedtibn with
the BBSV and its satellite was also checked by RRRusing the
method proposed by Meuniet al (2003). It was found that BBSV
was never occurring alone in Iran, but always iArndections with
Polymyxatransmitted soil-borne viruses. It is associatednty with
BNYVV alone or in combination with the sugar beefeicting
pomovirusesBeet soil-borne virugndBeet virus Q(Mehrvaret al,
2009). This association might explain the root dedness observed
and also noted by Weilanet al (2007) and Koenig and Valizadeh
(2008). The occurrence of up to four different gmlne viruses also
raises questions about the potential synergisnompetition between
such viruses.
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BBSV 1 Position number in the 3' UTR codina
Sources  33333333333333333333333333 3333333333333333333333333 33333
33334444444444444444444445 5555555555555555555555555 56666
99990011122223444456667790 11 22233334444455567777899900
04685901445892024621397958 39024045912359459636798 30290
kha  AAGAACAUAGCGACUUGCGCAGUAUA AC BUGUUACAAGUAUCCAC §u §EAccucce
khd  AAGAACAUAGCGACUUGCGCAGUAUA AC BUGUUACAAGUAU  CCACCU FEACCUCCG
81 AAGAACAUAGCGACUUGCGCAGUAUA ACAUGUUACAAGUAUCCACC U BEAccUCC §
wkin  AAGAACAUA [EGACUUGCGCAGUAUAACAUGU EACAAGUAUCCACCU EEAccucce
rehi  AAGAACAUA [EGA BUUGCGCAGUAUAACAUGUUACAAGU Auccaccu EEAccucce
ksh2 AAGAACAUAGCG [ECUUGCGCAGUAUAACAUGUUACAAG UAUCCACCU EEAC Bucce
\AzGhs AAG EACAUAGCGACUUGCGCAG EAUAACAUGUUACAAGUAUCCA §cu EEA Bcucce
iAz6h2  AA GEACAUAGCGACUUGCGCAGUAUAACA UGUUACAAGUAUCCACCU EEA Bcucce
ksni  AAG ACAUAGCGAC EUGCGCAGUA UAACAUGUUACAAGUAUCCACCU EEA Bcucco
rAzGhl  AAG BACAUAGCGAC [EUGCGCAGUAUAACAUGUUACAAGUA uccaccu [EA Bcucce
Lo AAG EACAUAGCGAC [EUGCGCAGUAUAACAUGUUACAAGUA uccAccu [Ea Bcucce
wkhs  AAGAACAUAGCGACUUGCGCAGUAUA ACAUGUU [CAA JU EUCCACCU [EAC §UCCG
e AAGAACAUAGCGACUUGCGCAGUAUA ACAUGUU [C AAGUAUCCACCU [ [EACCUCCG
wmsh  AAGAACAUAGCGACUUGCGCAGUAUA ACAUGUU [ECAAGUAUCCACCU  [EACCUCCG
iHa3  AAGAACAUAGCGACUUGCGCAGUAUA ACAUGUU [ECAAGUAUCCACCU  FEACCUCCG
ki AAGAACAUAGCGACUUGCGCAGUAUA ACAUGUU [ECAAGUAUCCACCU  EEACCUCCG
k2 AAGAACAUAGCGA  CUUGCGCAGUAUAACAUGUU ECAAGUA [ECCACCU EEACCUCCG
wshi  AAGAA BAUAGCGACUUGCGCAGUAUAACAUG UUEEAAGUAUCCACCUUAACCUCCE

wkshs  ABG BA §A BAGCG EcU EBCGCAG EAUAACAUG UEENU EBEA fcca Jc Bua Ec fucce
rkshs  AG §A §A §A GCG ECU ERCGCAG EAUA ECAUG BEENEA BBA ECCA JC EUA Eccucco

rkshs  AJBG BACA BAGCG [ECU EG BGCAG EAUA BCAUG BEENEA BEA fCCA JCUUAACCUCCG

¥-Ha2 AlG EACA BAGCG [Ecu Ec BGCAG EAUA BcAuc EEENEA BEA Bcca BCUUAA ccucce

rksna  AQG §ACA BAGCG Ecu EG BGCAG EAUA EcAuc BEENEA BBA fcca Fcuuaaccucce

wksn7  AAGAACA BAGCGAC EERC GREBUEUEEEA EREUA FERGUAUCCACCUUAA  ERuUCC §
vkens  ABGAACA BAGCGAC [ERC BREBUEUEEEA BREUA FERGUAUCCACCUUAA  [ucce
wksno  EBGAACA BAGCGAC [EEBC GREBUEEENEA BHEUA FERGUAUCCACCUUAA  JCUCCG
spcrom2 ACG §A BAGAGC FECU EGC GREBUAU [EA WA BREU EC EEQUA ERCAJCUUAAC Jucce
usco ABGEECEREGC BECU EGce QERUAUAA A BREUEC EEBUA [ECA BCUUAAC [EECCG
Fr2 ANG EacA DEcC BECU Eoc BEEBUAU EA BA BBEUEC BERUA BBcA BEUUAAC EECCG
N ANG EAcA DEcC BECU Eoc BEEBUAU EA BA BREUEC BERUA BBcA BEUUAAC §ECCG
e ANBEACA QEGC QEBU EoCc QEEQUAU EA BA BEBU EC BEBUA BECA EEUUAAC EBECCG
spabmy ABG EACA GEGC BECU EGC GREGUAU EA BABREUEC EEGUA FECA BRUUAAC FECCo
spiein ABG EACA BEGC QEcu EcC QRERUAV EA BAEREBUECEERUA FRCA BRuuAAC [BEcCo
o1 ANG EACA BEGC §ECU EGC REERUAU €A BABEEUEC EERUA EECA REUUAAC EECCO
spcromy A G EACA QEGC QECU EGC QRERUAV EA BAEBREUECEERUA FREEREUUAAC BEEQRG
sptepy AQBG EACA QEGC QECU EGC BRERUAV EA BABREUECEERQUA FRCA BRUUAAC [QECCE
B8 ANG EACA [EGC GECU EGC QEEGUAU EA BABEEUEC EERUA BECA BEUUAAC EECCG
mcp AlNG EAca BEcC BEcU Ecc BMERUAU EABAGEEU EC BEEuA GEcCA BUUUAAC BECCG
spvase AJG EACA BEGC BECU EGC BEEBUAU A BA BEEUEC BEBUA BECA BEUUAAC JECCG
cBk AG EaC A fEcc fECU Eoc QEERUAU A BA BREUEC B GUA EEcA BEUUAAC [ECcCo
i ABG EACAGAGC HECU EC NENEELUAU EA NABEEUEC BEEUA EECA JCUUAAC QEECCG
onx ANG AACAGAGC JECU EG RREEGUAU A BABEEUEC EREUA EECA BCUUAAC [ECCG

Fig. 1 Evolutionary relationships of the 3' UTR regiofsBBSV from various parts
of the world, computed by MEGA4 software (SaitouNgi, 1987; Tamurat al,
2007). The letters preceding the isolates namecatelithe country of origin (Ch
China, D Denmark, F France, GB Great Britain, &mir IT Italy, NL Netherlands,
Sp Spain, US United States of America.

The GeneBank accession numbers for 3 UTR RNA secpsge of BBSV are
FN543402, FN543403, FN543404, FN543405, FN54340643407, FN543408,
FN543409, FN543410, FN543411, FN543412, FN5434N§4B414, FN543415,
FN543416, FN543417, FN543418, FN543419, FN54342(H4B421, FN543422,
FN543423, FN543424, FN543425, FN543426, AM94166P|9A1659, AM1661,
AM941662, AM941663, AM941658, AM941669, AM941670, MA41664,
AM941665, AM941668, AM941666 and AM941667 for 3'UT&F isolates Ir-
AzGh3, Ir-Ha4, Ir-Ha3, Ir-AzGh2, Ir-Ksh2, Ir-Krlr-IGhl, Ir-Kh2, Ir-Kh3, Ir-Kh1,
Ir-Bj1, Ir-Kh5, Ir-Ksh7, Ir-Kh4, Ir-Ksh8, Ir-Ksh4,Ir-Ksh5, Ir-Ksh9, Ir-Msh, Ir-
Kshl, Sp-Le-Pb, Sp-Le-LN, Sp-Va-Be, Sp-CR-Dm1, CRZ) Sp-Ab-My, D1,
NL1, GB-B, GB-K, Fr-2, IT-C, IT-CP, respectively; N543466, FN543467,
FN543468, FN543469, FN543470, FN543471, AF452884Y626780 and
EF153268 for complete RNA sequences of BBSV isglét-Ha2, Ir-Ksh3, Ir-Ksh6,
Ir-AzGh1, Ir-Hal, Ir-sh1, Ch-N1, Ch-X, US-CO resfpieely.
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Fig. 2 Comparison of secondary structure and mutatior&6oft in 3' UTR of the
Iranian Ir-Ksh1, Ir-Shl, and 23 mutations in Ir-Mslsolates (associated with
BBSV satellite as) compared to the Chinese BBS\6Mate. Mutations are shown
as bold letters. Note the conservation of bothBM®V cap-independent translation
element as well as the poly-A tail 3' end substitimvolved in replication initiation.

61



Chapter5-ResultdfanianBeet black scorch virudiversity

»
Ir-Ha1 satellite
(617 nt)
600 nt

Ir-Hal-Sat AGTl'G TCCH
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Fig. 3 Comparison of the nucleotide sequences of IraB&SV satellite. (a)
Comparison of nt sequences of four Iranian BBS\elsts isolates with their
Chinese BBSV satellites counterparts. The GeneBaoéession numbers for
complete RNA sequences of BBSV satellites are FMB23FN543473, FN543474,
FN543475, NC_006460, AY394497 and FJ176575, fofaiee Ir-Halsat, Ir-
Mshlsat, Ir-Khlsat, Ir-Bjlsat, Ch-Xsat, Ch-2sat, -3at respectively. (b)
Comparison of nt sequences of the Iranian Ir-Halais satellite (149-195 nt) with
four different Argonaute 1 sources. A 47 nt seqeesttowed up to 81 % sequence
similarity in nt level toC. quinoaArgonaute 1 in 49 nt stretch, (Accession no of
Argonaute 1 gene fo€henopodium quingaBeta vulgarisand Pisum sativumare
FN556159, FN556160 and EF108450 respectively). @dnserved overall
secondary structure of Ir-Halsat, obtained by uditfOLD web server interface
(version 2.3) (Zuker, 2003) as well as by comparigith the structure proposed by
Guoet al (2005).
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Abstract

Beet black scorch viruBBSV) is aNecrovirus Tombusviridae It
was identified at first based on severe black s$tngcsymptoms on
sugar beet plant in China but not in Iran, Europe @SA. In order to
evaluate the pathogenicity of different isolate88SV on sugar beet
as well as on other host plants, three differetitiéngth infectious
clones were constructed. Two were able to causek bdaorching
symptoms on the leaves of sugar beet cv. Juliegtanbchanical
inoculation while the third did not, though theyffelied only in the
coat protein by two different aa. The black scarghability of sugar
beet of the last BBSV source was reestablishedéystippression of
the coat protein. The study point out the poternoé of aa changes
within the coat protein gene in the disease symppooduction, as
well as the differential reactions observed in et sugar beet
cultivars. BBSV CP is therefore proposed as an uiice
determinant based on its role in the differentiahgtom expression
on the different sugar beet cultivars Beta macrocarpaested. The
suppression of the CP gene did also suppresseslyitemic mosaic
symptom onNicotiana benthamianasuggesting another role of CP
for long distance movement, as previously shown Tabacco
Necrosis virus

Introduction
Beet black scorch virus a soil-borne sugar beet virus, vectored by

Olpidium brassicaeand is aNecrovirusof the Tombusviridagamily
(Russoet al, 1981; White & Nagy, 2004). It was first identifien
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Inner Mongolia, China, in the 1980s (Liu & Xian,98 Zhang, 1996;
Li et al, 2008a). Recently it was reported from US (Weilabdl,
2007), Iran (Koenig & Valizadeh, 2008) and differelBuropean
countries (Gonzales-Vazquez, 2009). The virus shmwkferation of
roots and black scorching of sugar beet leaveshina&Cbut the BBSV
isolates reported from US, Europe and Iran didatiott such a black
scorching in leaves of sugar bed@efa vulgarisL.). This virus
apparently exacerbates symptoms of rhizomania sisefsugar beet
like rootlet beardedness (Weilaatal, 2007).

The BBSV as aNecrovirus of Tombusviridae comprises an
icosahedral particle of 28 nm that encapsidatesositipe-sense,
single-stranded (ss) genomic (g) RNA of 3644 nudes. BBSV
shares the highest sequence identity (61%) Wibbacco necrosis
virus D (TNV-D) (Couttset al, 1991). Complete sequences of two
Chinese (BBSV-N, -X) and one US (BBSV-Co) BBSV &ek
showed they have seven and eight open reading $ra({@&Fs)
respectively.

The P23 and P82 ORFs are thought to encode the viral RNA
polymerase, as the P82 protein contains a GDD mibidt is
conserved in RNA-dependent RNA polymerases (Ard988). The
P82 ORF, residing between nucleotides 36 and 2&l@robably
expressed directly from the gRNA via translatioregldthrough of an
amber stop codon. p23 may have a role in targetemication
complex to the cellular membrane in cytoplasm (Afalet al,
2007).

The small ORF ofP5’, P7a and P7b ORFs, located in the central
region of the BBSV RNA genome, are involved in delcell
movement of the virus in host plants. Each of thgesees is required
for localized movement, accumulation of viral RN&sd formation of
local lesions on the leaves 6henopodium amaranticolpas it was
evidenced for similar proteins encoded by subgendisg) RNA in
TNV-D (Couttset al, 1991) and TNV-DH required for cell-to-cell
movement (Drouzas, 1996; Molnetral, 1997; Yuaret al, 2006).

The 39-proximal ORF (nt 2647-3345) in BBSV is poteld to encode
the coat proteinp24 - CB. The coat proteins of TNV-DH (Molnaat
al., 1997) andTurnip crinkle virushave been demonstrated to be
involved in long-distance movement during systernmtection of
Nicotiana benthamianabut in BBSV no information is yet reported.
Caoet al (2006) showed that leaves Gf amaranticolorinoculated
with in vitro transcripts of the mutant in which the entire CRegeas
deleted had lower local lesions than wild type wittanscripts which
indicate that coat protein does not necessarily lzany effect on virus
replication inC. amaranticoloCaoet al, 2006).
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It is reported that two sgRNAs along with the vigiNA are present
in plant tissues infected with BBSV, and these s§RNare not
encapsidated in viral particles (Gabal, 2005).

This study was initiated with the view of undersisag the molecular
determinants of the black scorch symptom, by usklgcted BBSV
sources (chapter 5), combined with a strategy oErmse genetic
applied to the virus coat protein gene.

Materials and methods
Bait plant technique

After all stones and visible roots were removeanfiithe soil samples,
each sample was ground. Four days germinated begaseeds of the
rhizomania susceptible cultivar Cadyx were plantetb 300 ml
plastic pots containing each of the soil samplegedhiwith sterile
sand (1: 4 V/V). Then, 200 ml of Hoagland solutiwas added to
each pot. Two replicate pots of each soil weregqaaa a controlled
environment room at 19 °C (night) and 22 °C (daythwa 16 h
photoperiod. The bait plants were removed from gbi¢ after eight
weeks and their rootlets were carefully washeduiming tap water,
cut and stored at minu&) °C until used. Uninfected seedlings were
grown under the same conditions in sand-sterilé miXture as a
control (Meunieret al, 2003).

Mechanical inoculation

Plants rootlets were washed and ground in 0.01 duso phosphate
buffer, pH 7.0. The extract inoculated in upperesiad Chenopodium
guinoaleaves mechanically. Test of host range performetidnsfer
of virus from infectedC. quinoato the leaves oBeta macrocarpa,
Nicotiana benthamiana, Spinacia oleracead sugar beetBéta
vulgaris) cv. Cadyx, Sofia and Julietta, using mechaninatulation
as aforementioned.

Molecular characterization
Full length genome of Iranian BBSV

Total RNA was extracted from healthy and infect2dquinoaleaves
using a SV Total RNA ExtractiorKit (Promega). The Expand
Reverse Transcriptase kit (Roche), which includekigh-fidelity,
thermo-stable polymerase, was used to generatamgplet® BBSV
genome-length amplicon using Primer designated BBAd@ and
BBSV3rev (Weilandet al, 2007). The amplicons were cloned into
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pDrive vector (Qiagene, Germany). EcoR1 digestidn ctones
liberated the clone inserted from the plasmid vecproviding a
template from which transcription was initiatedwitne G nucleotide
before the viral sequence.

Transcription and inoculation of construct on C. quinoa, sugar
beet, spinach and\. benthamiana

Transcription reaction with T7 RNA polymerase foengrating
uncapped RNA was used to produce genome-length ROIA
inoculation to plant leaves. Released construct tveasscripted by T7
RiboMAX™ Express Large Scale RNA Production System
(promega)In vitro transcripts was mixed in the inoculation buffé -
to 5 pg of RNA in GKP buffer (50 Mm glycine, 30 mkRHPO4, 1%
bentonite, and celite, pH 9.2) and mechanicallycihated on leaves
of C. quinoa N. benthamianaB. macrocarpa sugar beet and.
oleraceg (Weiland & Edwards, 1994).

Making BBSV-Ksh1 mutant lacking coat protein

The coat protein of BBSV-Kshl construct was supgedsoy overlap
PCR. The primers which used for suppression of BBSW1
construct CP were BBT75fwd and BBSV3rev which weysorted by
Weilandet al (2007) plus BBmut1l4AAgGGCACCTAAACGCAACA
(nt positions 2646-2665) and BBmutl4R
TGTTGCGTTTAGGTGCCcTT(nt positions 2665-2646) primers were
used for construction of the BBSV-KshCP mutant in 3 round of
overlapping PCR. In BBSV-Ksh1 construct the nt Lposition 2648
was substituted by nt G in order to switched off (&P of BBSV-
KshlACP mutant (Fig. 6a).

Western blot

The CP of BBSV-Kshl, BBSV-Mshl, BBSV-Shl construlstd not
BBSV-KshIACP mutant were detected by western blotting afi#$-S
PAGE separation of total protein extracts from sionpatic leaves of
C. quinoa Structural proteins were revealed using a pofhalo
antibody directed against viral particles (kindlyoyided by Prof.
Winter, DSMZ). The primary antibody was diluted Q0D in TBS
buffer containing 0.1 % Tween 20, 1 % powdered skad milk, and
supplemented with total protein extracts from Heaff. quinoa Anti
rabbit alkaline phosphatase-conjugated seconda@ Igpigma-
Aldrich) was diluted 1:5000 in TBS-Tween buffer athe blots were
revealed with premixed BCIP-NBT solution (Sigma-édth) (Fig. 4).
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RT-gPCR

A set of primer plus its TagMan probe was desigasithg different
sources of BBSV as a reference. This could suagigssmplify a
fragment of 80 bp in p7a gene of BBSV which is @med in all of
BBSV isolates. The forward and reverse primers Wwhstarted and
stopped in nt positions 2201 and 2281 respectivelgre
TGGGGCATGAAAACCTAACC and GTCCTCCGATCTGCTTCTCA
and TagMan probe wa$CACGACGCTGTTCACTACGCTGTat nt
position 2259 of BBSV nt sequence which is withidapgene.
According to our previous results (chapter 5) instraf to date known
sequences of BBSV, the p7a gene is conserved.

Results

The recent discovery of BBSV in numerous and d#iférsugar beet
growing areas worldwide like China, Europe, Irad &hS.A. (Liu &
Xian, 1995; Zhang, 1996; Koenig & Valizadeh, 200Bgt al, 2008a)
(Gonzales-Vazquez, 2009), sometimes associated \siifong
symptoms and yield impact raises concern about gingh.

Three BBSV isolates have been selected based andifferences
(chapter 5): a source from Kermanshah (West of)lraamed Ir-
Ksh1l, and not associated with the BBSV satellitotlaer source from
Mashhad, called Ir-Msh1 and a third one from Shirmamed Ir-Sh1,
both being associated with a BBSV satellite andted North-East of
the country. The three different virus sourcesriiti show any black
scorching symptoms on the leaves of sugar beéitfie¢lds, but were
all associated with BNYVV the causal agent of riniemia disease
(Mehrvaret al, 2009) as well as with symptoms of root prolifera.
Each of the three virus sources produced necrotial llesions on C.
quinoa 3 dpi. The RNA was extracted from theseateclocal lesions
of symptomatic leaves o€. quinoain all three samples and the
presence of BBSV was confirmed by sequencing ofPF®R product.
Full-length infectious clone for each of the threelected isolates
produced similar necrotic local lesion as wild tyjselates onC.
quinoa3 dpi.

The two Iranian isolates of BBSV-Msh1 and BBSV-Sialised black
scorching on leaves of sugar beet (cv. Juliettd)tha symptoms were
more severe in BBSV-Sh1l isolate (Fig. 1). Theseptgms appeared
5 dpi like black colored necrotic lesions in leae#snoculated sugar
beet and extended for 3-4 weeks to total collagsthe inoculated
leaves. These isolates were not systemic in suget. nterestingly
the black scorching symptoms were shown to be @egéndant. In
sugar beet cv. Cadyx and Sofia, only pinpoint nicrocal lesions
evolving into larger yellow coloured chlorotic ldckesions were
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observed, and the black scorching symptoms didappeared. The
BBSV CP is also needed for infection of spinaSh ¢leracepas the
BBSV-KshIACP mutant, unable to produce the BBSV coat protein,
did not cause any symptoms on spinach.

Interestingly BBSV-KshACP mutant showed black scorching
symptoms in sugar beet (Julietta) (Fig. 5) while BBSV-Ksh1l did
not (Fig. 2C). This indicates that the coat prowirBBSYV is able to
trigger the resistance response of the host pléortsthis isolate.
Nevertheless, other isolates like BBSV Ir-Sh-1relMbkh-1 were still
able to trigger the black scorching reaction withswppression of the
CP, indicating that minor changes at the amino deicl might
trigger the occurrence of the severe black scogclsiymptoms on
sugar beet (Fig 2).

In fig. 6b, the comparison of aa sequences of thrferent Iranian
BBSV coat protein gene with other sources of BB&nT China and
USA has been shown. The differences between patio@BBSV-
Mshl, BBSV-Shl) and non pathogenic (BBSV-Kshl) ated of
BBSV on sugar beet is possibly due to the minongka at the amino
acid positions 12, 145 and 158 of the BBSV coatginogene. Of
particular interest is the aa at the position 12mha nonpolar aa is
modified to a polar amino acid (I112T) for a changea virulent
isolate, but with the question still remaining ofdéferent aa lying
within the Chinese isolate able to cause blackctiog, therefore
explained by the context. Further investigationssidering the BBSV
folding, based on the TNV CP model (Cataal, 2000), might deliver
an answer to this question.

Discussion

Coat proteins of many different plant viruses plaultifunctional

roles. They function in every aspect of viral npllgation and
dissemination, with roles for assistance in repioca of the viral

nucleic acid, movement between cells and organd, teavel from

infected to uninfected plants via mobile biologicadctors. In the
constant dynamic struggle between host and pargsiéets have
often evolved to recognize the viral CPs as eliaitmlecules of host
defense machinery, presumably providing the hogh vain early
warning system against an impending viral invagi©allawayet al,

2001).

An important aspect of disease induction is théitglwf a plant virus
to overcome the defensive strategies employed ly hibst. One
mechanism of disease resistance is the hypersenssponse (HR),
a cascade of signal transduction events that eatiyitead to necrosis
and cell death at sites of infection and thus prespread of the
pathogen (Callawagt al, 2001). InTurnip crinkle virus(TCV) of the
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family Tombusviridaeand TNV, the coat protein is responsible for
viral recognition and induction of resistance rewmms as for the
symptom modulation of virus infection (Wang & Simd000; Zhao
et al, 2000). TCV CP was also showed to function aslaitar for
the hypersensitive response (HR) to virus infectroArabidopsisin
which alteration of the amino acids at N-terminasition of 4 and 85
led to breaking of virus resistanceAmabidopsisecotype Di-17 (Zhao
et al, 2000). Coat proteins of TNV-DKMolnar et al, 1997) and
TCV have been demonstrated to be involved in lostadce
movement during systemic infection bf. benthamianaTCV coat
protein function also as a RNA silencing suppreg&uaret al, 2003;
Thomas et al, 2003). The coat protein o€ymbidium ringspot
tombusvirus)CymRSV) was recognized as awirulencefactor as it
induces a very rapid HR-like response ditura stramoniumafter
virus infection (Szittya & Burgyan, 2001). Let al (2008) by
suppression of coat protein of TNV-A showed thatititact TNV-AC
coat protein was dispensable for establishmentN¥-AC infection

in C. amaranticoloy with numbers of local lesions and the viral RNA
accumulation level reduced, or the time to symptappearance
significantly delayed in case of coat protein sespion (Liet al,
2008a). In BBSV it was showed that inoculated Isawe# C.
amaranticolor with in vitro transcripts of the mutant in which the
entire CP gene was deleted had lower local lesibas wild type
virus transcripts which indicate that coat protdoes not necessarily
have any effect on virus replication @ amaranticolor(Caoet al,
2006).

Suppression of Iranian BBSV-Kshl coat protein leda similar
manner to a reduced replication of RNA genome angel but much
less necrotic local lesions dd. quinoaleaves, as well as also no
symptoms on spinach inoculated leaves (Fig 3C)e lfir TNV-D
(Molnar et al, 1997), BBSV without CP was unable to cause syistem
infections onN. benthamiana.

CP as the elicitor interacts directly with eithee R gene product or
another factor in the signal transduction pathwagnsequently, the
interaction occurs at one or a few amino acidgrotin the surface of
the CP. Alteration of the key amino acid(s) eitakers its specificity
as an elicitor or abolishes the elicitation altbget In addition, a
single CP can act as elicitor for differeRtgenes in different hosts
(Callawayet al, 2001).

This finding could use for the search for futuresiseance against
BBSV in breeding program.
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Fig. 1 Induction of black scorching symptoms in leave8efa vulgarigJulietta)
by Iranian BBSV-Sh1 construct 5, 6, 9, 10 and léregpectively (left to the right).

Fig. 2 Induction of black scorching symptoms by IraniaB/-Sh1 construct (5
dpi) (A), BBSV-Msh1 construct (20 dpiBj and necrotic local lesions by BBSV-
Ksh1 construct (20 dpi)3) onBeta vulgarigJulietta).

75



Chapter 6-ResultdfanianBeet black scorch virysathogenicity

Fig. 3 Induction of necrotic local lesions Bpinacia olerace#B) and
Chenopodium quino@®) inoculated leaves 5 dpi by BBSV-Ksh1 construatsrint
Spinacia olerace4C) by BBSV-KshIACP mutan{5dpi).
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Fig. 4 Western blot analysis for the detection of streadtproteins of Iranian BBSV-
Kshl, BBSV-Mshl, BBSV-Sh1 constructs and BBSV-K&G8P mutant irC.
guinoaleaves 5dpi. The 25 KDa CP of BBSV-Kshl, BBSV-Mshd BBSV-Sh1l
constructs but not BBSV-KsACP mutant were immuno-detectieg a polyclonal
antisera raised against viral particle

BBSV-Ksh1lACP on sugar BBSV-Ksh1l on sugar beet
beet (Julietta) 20 dpi (Julietta) 20 dpi

Fig. 5 Induction of black scorching symptoms by BBSV-K&RP mutantléft)
and necrotic local lesions by BBSV-Kshlconstrudght) onBeta vulgaris
(Julietta) leaves 20 dpi.
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(a) AUG
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AGG - - Sugar beet | Sugarbeet | Sugar beet | Spinach N B. c.
- (Julietia) (Sofia) (Cadyq) benthamiana macrocarpa | quinoa
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BBSV-Kshi[ T 1) T 3 3 - N M(S) PBr N
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BBSV Position number
Sources in the P24 (Coat proteins) aa coding sequence

Fig. 6 (a) Organization of BBSV-Ksh1l genome and its mutantcoat protein gene
suppression (created by a single change in CP tadn in position of 2648 of
BBSV-Kshlconstruct nt sequenceh) (Comparison of aa sequences of the coat
protein of three Iranian isolates of BBSV-Mshl, BBRshl and BBSV-Shilby
their US (BBSV-Co) and Chinese (BBSV-N) counterparfNumbers are
corresponding to aa in coat protein of BBSV fromirah US and Iran. (Accession
numbers for BBSV-Co (US isolate) and BBSV-N (Chimésolate) are EF153268
and AF452884 respectively)C) Manifestation of different symptoms on different
host plants by BBSV-Mshl, BBSV-Sh1l and BBSV-Kshhstaucts plus BBSV-
KshlACP mutant inoculated mechanically on leaves ofehgants (P (pinpoint
local lesions), W (White color local lesion), B @8k scorching), NL (Necrotic
local lesions), M (Mosaic, S (Systemic) and Br (@nolocal lesions).
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Chapter 7-Discussion

At the beginning of this research, the knowledgesoitrborne sugar
beet in Iran was only limited: the presence of BiNYVV had been
mentioned, but its distribution was unknown as aslits diversity. A
major contribution of this work is to acknowledgéet large
occurrence of four different telluric sugar beatuses: the BNYVV,
the PomovirusBSBV and BVQ and th&lecrovirusBBSV and their
distribution (Fig 6).

The table 1 shows the percentage of occurrence ach evirus
combination found. It emphasize that such distidyuts certainly not
random, but probably responding to rules linkedh® need for other
viruses acting as « helper » or « assistant »eefibr the soil-borne
transmission by the vect®olymyxa betaer for the establishment of
the virus in the plant. Except BNYVV able to stamatbne in
approximately 30 % of the collected samples, mdsthe studied
viruses were found in association with at leasttlaero virus. For
example, if BNYVV was found in combination with ledr
pomoviruses and/or BBSV, the combination of BBI\e¢rovirug
with either BSBV or BVQ was never found, raisingegtions about
the reasons for such an absence while their reldtequencies is
probably not sufficient for explaining the phenomeninterestingly
also, BVQ was never found altogether with the BB&Atellite, and
this fact might be related with the hypothesis ®@Bbeing possibly a
satellite virus, as raised from work of Meunier al (2005) and
Crutzenet al (unpublished).

There is a real need for studying the differenerattions between
each of the virus species described here. But beftarting such a
work, a more in-depth knowledge is a pre-requidits. the reason

why each of the viruses was studied one by ong.also the reason
why we decided to contribute to the constructioriutiflength clones

which will be useful in reverse genetic approacf@sstudying the

virus-virus or virus-vector interactions.

Therefore, we will discuss each of the results sviby virus, for
ending by a general view on how to link the predemiwledge on
soil-borne viruses in Iran with the strategies twild be used to limit
their spread and effect on sugar beet yield.
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Fig. 6 The map of distribution of BNYVV, BSBV, BVQ and BB/ or a mixture of

them in different parts of Iran.

No Virus Percentage %
1 BNYVV 65 (30 %)
2 BSBV 6 (2.7 %)

3 BNYVV+BSBV 50 (23.1 %)

4 BNYVV+BBSV 16 (7.4 %)
5 BNYVV+BVQ 9 (4.1 %)

6 BBSV+BVQ 1(0.46 %)
7 BNYVV+BSBV+BBSV 31 (14.35 %)

8 BNYVV+BBSV+BVQ 5 (2.31 %)
9 BNYVV+BSBV+BVQ 12 (5.5 %)
10 BNYVV+BSBV+BBSV+BVQ 8 (3.7 %)

Table 1 The table of percentage of single or mixed infacif four soil-borne sugar
beet viruses in Iran.
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VII.1. Iranian Beet necrotic yellow vein virus (BNYVV)

Up to now, sequence information is mainly availatie European,
American and East Asian BNYVV isolates. The presshidy
provides a comprehensive overview of the distrioutof various
BNYVV types in Iran.

Molecular analysis of the four RNA species alwaysspnt in natural
BNYVV infections have revealed the existence ofrfowajor strain
groups of the virus named A, B, J and P types (&etsal, 1994;
Koeniget al, 1995; Koenig & Lennefors, 2000; Schirnmetral, 2005;
Ratti et al, 2006; Warcet al, 2007). The three types A, B and P were
found to be highly conserved in Europe and reced#yermined
sequences are practically identical to those detexinmore than two
decades ago by Bouzoubaiaal. (Bouzoubaaet al, 1985; Bouzoubaa
et al, 1986; Bouzouba&t al, 1987). BNYVV sources from East
Asian countries (Japan, China) are similar to tbeogean A and B
types, but not completely identical to them (Miyamiet al, 1999;
Koenig & Lennefors, 2000; Meuniet al, 2005; Warcet al, 2007).

In Iran mostly the BNYVV A-type was found. The amiacid tetrad
in position 67 — 70 of the RNA 3-encoded p25 inniaa A type
BNYVV showed considerable variation. Altogether eninlifferent
variants were identified. The diversity observedwn the p25 tetrad
is the highest observed in the world for such aaaBy comparison,
a similar study on BNYVV diversity gathering sanmgplérom six
Chinese sugar beet-growing regions evidenced sdiffament tetrad
motifs (Li et al, 2008b) also a study in Turkey showed the dominant
presence of some of these tetrads (Kutluk Yilnszal, 2007).
Interestingly also, the proportions of differentsp2trads observed is
totally different from other areas where such dadse already been
gathered, as in Western Europe or USA (Schiretead, 2005; Liu &
Lewellen, 2007). Possibly their occurrence was thuspontaneous
mutations as suggested by Acosta-Leal and Ruslv{Z@@osta-Leal
& Rush, 2007). An explanation for this might be thiele use of non-
resistant polygerm sugar beet cultivars in conjonctin some areas,
with the intense use of monogerm tolerant onesy thié possibility of
raising soil infectious potential to high levelsdathen confronting
such soils with virus resistance genes.

p25 encoded on RNA-3 enables the systemic moveaiehe virus in
sugar beet and is mainly responsible for symptopression (Tamada
et al, 1989; Koeniget al, 1991; Jupinet al, 1992) and root
proliferation in sugar beet (Tamadaal, 1999). Its ability to shuttle
between the nucleus and the cytoplasm is neceseargymptom
expression on leaves @henopodium quinodVetter et al, 2004).
The amino acid tetrad in positions 68 to 70 of R3AS been found to
be highly variable in BNYVV sources collected at npadifferent
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places in the world (Tamadat al, 2002; Koeniget al, 2005;
Meunier, 2005; Schirmeet al, 2005; Rattiet al, 2006; Wardet al,
2007; Li et al, 2008b). Chibaet al. (2002; 2008) found that the
resistance response of selected line8etfa maritimaand the sugar
beet variety Rizor depended on the compositiomisftetrad. p25 was
thus identified as an avirulence factor in thesastances (Chibat
al., 2002; Chibeaet al, 2008). Kleinet al. (2007) found that sequence
variations of p25 influenced its oligomerizationdapathogenicity in
Tetragonia expanséKlein et al, 2007). Acosta-Leal and Rush (2007)
identified Vs7E135 in p25 as the signature for resistance breaking
variants of BNYVV from the Imperial Valley in the3Jas opposed to
the WT motif As7D135 (Acosta-Leal & Rush, 2007). Other variants of
the tetrad have also been associated with resestamreaking (Ruslet
al., 2006; Liu & Lewellen, 2007).

In Iran BNYVV P-type was found too in a distantlyeas. The
SYHG-containing p25 of the Iranian P type had aentital amino
acid composition in all 23 samples investigatedeyrbrriginated from
different areas in the North East, the North Wexd &est of Iran.
This P type was found preferentially in fields h&aeropped with
sugar beet resistant varieties. The amino acid ositipn of this
Iranian P type p25 was very similar to that of Petyisolates from
other countries (France, Kazakhstan, and UK) andh#&i of the
SYHG-containing p25 from two isolates in the USA.

In none of the investigated fields was BNYVV RNAwgs found.
RNA-5 is normally associated with P type BNYVV imaRce (Koenig
et al, 1997b; Schirmeret al, 2005), Kazakhstan (Koenig &
Lennefors, 2000) and the UK (Har@t al, 2002; Wardet al, 2007).
RNA 5-free P type has, however, previously beerontep from a
location in France (Lemairet al, 2003).

The presence of a fifth RNA species in the BNYV\hgme in some
areas has also been associated with an increasedV¥BN
pathogenicity of the virus (Tamadat al, 1996a). In East Asia
BNYVV RNA-5 has been found to be frequently asstxdavith A or

B type-like BNYVV (Li et al, 1999; Miyanishiet al, 1999). A
distinct type of RNA5 has been found to be assediatith P type
BNYVV, a virus type which so far has been deteataty in France,
Kazakhstan and more recently in the UK (Koemig al, 1997b;
Koenig & Lennefors, 2000; Harjet al, 2002; Warcet al, 2007).

This study demonstrates the occurrence of wideatranis within the
RNA-3-located p25 coding region in a vast counikg Iran. Looking
at studies on the impact of such variations onstasce response
(Chibaet al, 2002; Chibeet al, 2008) and pathogenicity (Acosta-Leal
& Rush, 2007; Kleiret al, 2007; Liu & Lewellen, 2007), it stresses
the need for developing efficient strategies fontoalling a wide
variety of different types and subtypes of BNYVV.

85



Chapter 7-Discussion

The presence of different subtypes of BNYVV A iarrpossibly due
to extensive use of susceptible local sugar ba@tties, sometimes in
alternance with tolerant sugar beet varieties (lkaetitia, Universal,
Paulina, Dorotea, Pekora and ...).

Also, favorable conditions for the rhizomania dse#o expand are all
present in Iran: short term rotations with cereaise of improper
methods for irrigation, susceptible varieties amapsy conducive
temperature and humidity conditions.

The presence of BNYVV P-type in fields of sugar tbimelran and
especially in fields grown with tolerant varietigginforces the
hypothesis that the virus might evolve under thaeti@s selection
pressure in order to survive. Nevertheless, umte, there is no clear
evidence to support the idea that the virus is\englby loosing its
RNA-5 to become a P-type without its fifth RNA, ibrthe virus is
mutating within the RNA-3 sequence to resembletb@ioreported P-
types. If the occurrence of P-types is derivingrfra multipartite virus
with 5 RNA segments, its presence in different sr@a Iran is
suggesting multiple contaminations from differemti€es.

VIl.2. Iranian sugar beet pomoviruses

As Iranian sugar beet fields are heavily contaneiddty BSBV (47%)
and in a lesser extend by BVQ (16.7%), the quesifaime impact of
such viruses on sugar beet crop alone or togethbrBNYVV is of
major importance. Heavily infected fields by albau beet soil-borne
viruses BNYVV, BSBV and BVQ have been spotted anlr

Using an Iranian BSBV source, a full-length infeas clone was built
(Crutzenet al, 2009b) for starting a reverse genetic approagh. B
using such strategy it was possible to demonsttreeability of the
virus to cause symptom @henopodiunmas well as the dispensability
of coat protein in the pathogenicity.

There is a genuine need to investigate the exaptdmof these
viruses on their hosts. In terms of BVQ, it wasawpanied by BBSV
just in one occasion. In most of the cases it veamd together with
BNYVV. The relative low rate of BVQ incidence inam (16%)
support the hypothesis that it is less competeat BSBV and BBSV,
may due to its dependence to BNYVV or its transiois$o host plant
by P. betae

Interestingly the level of sequence homology betwdeanian
Pomovirusand sequences from other geographical origin vigis. h
This emphasizes the fact that compared to BNYVVcitghows a lot
of variation, these viruses appears as more stahleéng into account
the fact that both studied pomoviruses are equediysmitted byP.
betae this observation reinforce the idea that BNYVV esgolving
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under the pression of the sugar beet genotypestamsito the
benyviruses, on the contrary of the pomoviruses.

The exact impact of pomoviruses sugar beet has not been yet
known but they are mostly accompanied by BNYVV aodnetimes
by BBSV and in all of cases the infected sampleswshhe
proliferation of tap roots which is not clear yempoviruses take part
in inducing such a symptoms or not but with usenfefctious clone of
BSBV from Iran. Following this thesis, it is pos@bnow to
investigate the impact of BSBV alone, or in conjiimt with BNYVV
or BBSV on sugar beet.

The co-occurrence of so many soil-borne viruseayish a similar
vector and host plant, raises also the questigmot#ntial synergism
or recombination speeding up their evolution andptation to sugar
beet genotypes. If such similar viruses do ocanuaneously within
a single cell, they might, at least theoreticalcombine or exchange
genome RNA segments. If there is no evidence ferup to date, the
hypothesis might not be excluded either. But theeabe of such
events might also be explained by a possible comeatalization of
the different viruses within the plant root.

VII.3. Iranian Beet black scorch virus (BBSV)

For the first time, a new emerging soil-borne viwess found on sugar
beet in Iran. Such a discovery raises the quesiimce again of a
synergistic effect of a complex of all of thesel-4wmirne viruses or
not? In this study, more than 60 BBSV sources éh8BSV satellite
sources have been identified and partially charaet@, allowing us
to select up to seven different and well-differated sources from
different geographical localization for further amdore in-depth
studies.

BBSV was reported previously from four differenstdint parts of the
world China, US and most recently from Europe (Big(Weilandet
al., 2007; Liet al, 2008a; Gonzales-Vazquez, 2009).

The Iranian BBSV is widespread in most of sugatt ie&ls. For the
first time in Iran it was found in Khorasan Razavbvince in North-
East, a place near to Xinjiang province in Chinaesehfor the first
time BBSV was found in the world in 1980s. Inteiregy in both
places the BBSV hold a satellite RNA. Also the laanBBSV is more
diverse than other sources of BBSV from China, US#Al Europe
may be due to presence of other host plant sucBrassicaceae
which can easily infected by the vector and coelds as a source for
variation as well as reservoirs for this virus atation period.

Also the recombination between different isolatds BBSV or
between BBSV and other necroviruses like TNV shdwddfurther
investigated to know that they play a role in sonyn&ariations in

87



Chapter 7-Discussion

Iranian BBSV or not as the mixed infection of diffat isolates of
BBSV was evidenced in some parts of Iran.

In terms of BBSV symptoms it reported that it casmuse black
scorching in sugar beet leaves and proliferatiosuigar beet tap roots
in China but the BBSV reported from Iran, Europel &SA did not
show such black scorching of leaves and just gnaifon of tap roots
mostly accompanied by BNYVV the causal agent ofzohiania
disease.

The presence of satellite can exacerbate the synsptd disease in
indicator plantsChenopodium quinoavhich may be due to presence
of a fragment of 47 nt which is more than 80 % Emio a fragment
of 49 nt of Argonaute 1 gene of this plant and rbayinvolve in the
suppression of gene silencing.

The exact impact of this virus on sugar beet has ymd been
elucidated but the pathogenicity of this virus whén was
accompanied by BNYVV was high and in some casedi¢h#s was
abandoned by farmers due to unprofitable crops.

Absence of this virus in south of the country ind=province may be
due a preference @lpidium brassicador colder climate.

Seven different full-length sequences of BBSV dmartsatellite from
Iran were constructed on this basis. Iranian BB®Jrees BBSV-
Hal, BBSV-Mshl and BBSV-Shl were found associatéeth \&
satellite comprising 617 nucleotides instead of 6tLix the previously
described Chinese BBSV-X. By using these infectiolmnes it is
possible to evaluate the synergism or antagonipa@inof BBSV on
BNYVV, BSBV and BVQ in host plants and propose mgas to
contain all of these viruses at the same time arttidr investigate the
impact of BBSV on host plants alone or in conjumctby other soil-
borne sugar beet viruses in the future.

By comparing more than 20 BBSV isolates for their LBTR
containing a BYDV-cap independent translation elem@YDV-
CITE) the major importance of such sequence demeest by
showing the secondary structure conservation despitmerous
nucleotide changes in both parts of 3' UTR cap ppedeent
translation element part (CITE) and in poly (A)ltmdependent
translation and replication part (Shen & Miller,020, 2007).

Coat proteins have been reported as multifunctipnateins in many
plant viruses. In the constant dynamic strugglevbetn host and
parasite, plants have often evolved to recogniral @Ps as elicitor
molecules of host defense machinery, presumablyigirg the host
with an early warning system against an impendiirgl invasion
(Callawayet al, 2001). InTurnip crinkle virus(TCV) of the family
Tombusviridaeand TNV, the coat protein was responsible forlvira
recognition and induction of resistance responseksaso symptom
modulation of virus infection (Wang & Simon, 200Bhao et al,
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2000), also it showed function as an elicitor fbe thypersensitive
response (HR) to virus infection Arabidopsisin which alteration of
the amino acids at N-terminal position of 4 andébto breaking of
virus resistance irArabidopsisecotype Di-17 (Zhacet al, 2000).
Also the coat proteins of TNV-DH (Molnaat al, 1997) andlurnip
crinkle virushave been demonstrated to be involved in long-dista
movement during systemic infection Nfcotiana benthamianaalso,
TCV coat protein function as a RNA silencing sugga (Quet al,
2003; Thomast al, 2003). The coat protein @ymbidium ringspot
tombusvirus(CymRSV) was recognized as anwirulence factor in
very rapid HR-like response @fatura stramoniumto virus infection
(Szittya & Burgyan, 2001). Let al (2008) by suppression of coat
protein of TNV-A showed that the intact TNV-AC cgartotein was
dispensable for establishment of TNV-AC infectiom iC.
amaranticolor otherwise the numbers of local lesions and thal vi
RNA accumulation level were reduced, or the time syonptom
appearance significantly delayed in case of coatepr suppression
(Li et al, 2008a). In BBSV it was showed that inoculated/dsaofC.
amaranticolor with in vitro transcripts of the mutant in which the
entire CP gene was deleted had lower local lesibas wild type
virus transcripts which indicate that coat protdoes not necessarily
have any effect on virus replication @ amaranticolor(Caoet al,
2006), and may be BBSV CP has one of these rolasshplant as it
is evidenced its has a role in pathogenicity afiwiin host plants.

The coat protein gene of BBSV was suppressed tesadgss role in
formation of black scorching symptoms. Using sudirategy, it was
possible to produce black scorching symptoms with BBSV-Kshl
isolate bearing CP suppression. There is a singlaaacid changes
between BBSV-Kshl and other BBSV isolates causidgckb
scorching symptoms. Up to now, we do not know vithatexact role
of CP in inducing symptoms is, except that CP pkaysle also in the
long distance movement of the virus and that thmpdgms produce
by a single infectious clone are different accogdia the host plant
tested. Also the presence of BBSV coat proteineisdnfor systemic
infection of N. benthamianaas TNV-D (Molnaret al, 1997) and
TMV (Ding et al, 1996) and may a mechanism like TMV is
responsible for this phenomenon which showed thist tutant is
accumulate in phloem parenchyma cells but is ndaeated in
companion cells and further research revealedtkigatoat protein in
TMV is needed to protect the viral RNA in phloersstie as well as
interacting with host components of the vasculaasplodesmata
(Astier et al, 2007).

The BBSV CP is also needed for infection of spindBpinacia
oleraceg and causing symptoms may be virion but not RNgnalis
needed for the infection of this host plant possile to cell to cell
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movement of the virus from plasmodesmata to rehefcell distantly
far from initially infected cells because i@. quinoathis mutants
replicate and causing necrotic local lesion in @aty reduced
manner.

VIl.4. Control measures

From the knowledge provided by this work on BNYW lran, the
following recommendations could be made for cormt@nthe
rhizomania disease in the country:

- Use of tolerant varieties in infected fields, fellog an
evaluation of their resistance against the differBNYVV
types present in Iran as well as to BBSV.

- Proper sanitary measures like limitation of soil verment
between farms

- Use of proper irrigation methods to avoid excesshail
moisture favorable to the vect®plymyxa betae

- Use of longer rotation periods with plant non-ifestBNYVV
andPolymyxa betadike cereals

- Interdiction of sowing sugar beet in heavily infttfields, to
avoid the build up of aggressive, resistance brepisiolates.

- Holding educational workshops for inspectors andnéas,
who can assist in the disease detection and mamage8uch
inspectors should be provided with clear informatan the
different viruses possibly involved in the diseasewell as to
the different symptoms that might be expected, example
black

For containing pomoviruses in the first step weusth&know them and
their impact on sugar beet well and then take actithe general
control measures of pomoviruses are like containihgomania

disease because the vector is the same but abmg taerant

varieties there is not reported varieties agalmsste viruses up to now.
The widespread presence of BBSV in Iran is due dor sanitary

measures, extensive use of susceptible varietiksoi#gh up to now
there is not resistant varieties of sugar beetratjahis virus), bad
irrigation methods like floating fields or furrowmath water which can
favor the spread of virus by its vectOtpidium brassicaeand short

rotation.

The elimination of weeds of sugar beet fields wipossibly may be a
reservoir of the virus also can contain the disease
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Conclusion

Using a smart sampling strategy for targeting subeet fields
presenting soil-borne viral diseases, four differéglluric viruses
BNYVV, BSBV, BBSV & BVQ and in different mixture ha been
mapped in Iran.

This study allowed verifying the widespread pregent rhizomania
in the country like BNYVV type A which is widely spad in Iran
with nine different variants in BNYVV RNA3 p25 tel position
commonly associated with significant damages tactbe.
Furthermore, the presence of the pathotype P @igcliRNAS5) in
numerous soils is indicative of the presence ofreggive BNYVV
isolates.

BNYVV was found to be associated with three othiewnses. First of
all, and even if their contribution to the etiologymains a matter of
debate, pomoviruses like BSBV and in a lesser extBWQ, usually
associated with rhizomania, have been found quéquently for a
country with warmer areas. Their contribution te tisease remains
to be clarified.

This work contributed to the elaboration of BSBMI flength clones
which shall be used in a reverse genetic strategyucidate their role
in the pathogenic process alone or in combinatiadh BNYVV or
BBSV.

Finally, BBSV was discovered for the first timelnan. Published in
the meanwhile by Koenig and Valizadeh (2008), thisrk is
describing the genetic diversity of thidecrovirus and its satellite.
Iranian BBSV has a considerable variation in ngussce level in
comparison to other sources of BBSV which is a enaif interest for
screening of diversity of this virus and sequenisergence with the
already known BBSYV isolates.

The detection of a sequence homologous to the Angiengene 1 and
its relative similarity with similar gene lying wvhiin the sugar beet
genome stress the specific interactions betweenithe and its plant
host. It is tempting to speculate about a role uwthsa sequence for
suppressing the gene silencing by targeting the cbrthe system
itself, even if such a hypothesis still needs toéefied. Furthermore,
it was shown that a single Adenine within the 3'UT&Rprobably
linked to the ability to act concurrently with thatellite.

A major question regarding BBSV is its ability tause symptoms
like black scorching on sugar beet. Here it waswshthat the virus is
able to cause strong symptoms on several hostspamt that specific
isolates induced black scorching on common sugat beltivars,
even those bearing resistance genes to BNYVV. Bgree genetic
the role of coat protein and p5a in the formatibsyomptom of black
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scorching was demonstrated. The BBSV coat protemhe targeted
for producing BBSV-resistance transgenic sugar.beet

Started from the field’s problems and finished le¢ genome level,
this work is the demonstration that numerous majtormation can
be collected and patiently gathered to build a vigsvfaithful as
possible of the virus, its satellite or vectors.isTtype of approach
allows to better understand the dynamic of thesviepidemics, in a
complementary manner to molecular reverse

This work was contributed to a better knowledgéoat different soil-
borne viruses of sugar beet in Iran and allowsriffenew strategies
for the control of these viruses in a major crophi@ country. It's also
a necessary first step before starting on thedotem between these
viruses as well as with their vectors.
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X.1. Full-length infectious clone ofbeet soil-borne virus
indicates the dispensability of the RNA-2 for virus
survival in planta and symptom expression on
Chenopodium quinoa leaves
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For a batter unds

fing of the

fity and path ity of beat soil-borna virus (BSBY),

ful-angth cONA clonas have bean constructed tor the three ganomic RNAs. With tha aim of
aszessing their effectivensss and relative contribution to the virus housekeeping functions,

1 it - "

{an Ch i

warg

guinoa and Bet macrocarpa laaves using fiva

genomea combinations. Both RNAs-1 (putative replicase) and -3 (putative movement proteins)
proved to be essantial for virus replication i planta and symptom production on C. guinoa,
wherazs RNA-2 (putative coat protein, CP, and a read-through domain, RT) was nat. No

jed on B.

sympl were
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pa, but viral RNAs wera datected. In bath host plarts,

tha 16 kDa CP was datectad by Westem blotting s well az a 115 kDa protein corresponding to

Beet soil-borne virus (BSBV) is a pomovirus transmitted to
Chenopodiacese by the protist Palymyxa betae (vanovic et
al., 1983), which is also the vector of the aetiological agent
of the rhizomania syndrome of sugar beet, beet necrotic
yellow wvein virus (BNYVV) (Tamada & Baba, 1973).
Originally reported in Ttaly (Canova, 1959), rhizomania
disease is now widespread in most countries where sugar
beet is grown (McGrann ef al, 2009) and BSBV is often
found in beet infected with BNYVV (Meunier ef al,, 2003),
However, the pathogenicity of BSBV and its contribution
toy the rhizomania syndrome remain unclear, with opinions
still divided on this (Prillwitz & Schlésser, 1992; Kaufmann
ef al, 1993; Lindsten, 1993; Rush & Heidel, 1995),

The BSBV genome consists of three single-stranded RNAs
of positive pulan[}'. pa.ckagﬂl into rlul-shapﬂl par[in:].es
(Koenig ef al, 1996, 1997 Koenig & Loss, 1997). RNA-1
(5.8 kb) encodes the putative viral replicase. The 19 kDa
coat protein (CP) and a putative 85 kDa read-through
[RT) domain are encoded by RNA-2 (35 kb). RNA-3
(3.0 kb) comprises three open reading frames (ORFs)
encoding three putative proteins (48, 13 and 22 kDa)

The GenBank/EMBL/DDB. accession numbers for fhe sequences
reparted in fhis paper are FN3B6G12 FN3BGG13 and FN3BGE14.

thought o be responsible for the viral cell-w-cell
, resembling the well-l triple gene block
proteins (TGBs) (Fig. 1).

In this study, the contribution of each RNA component to
virus survival and symptom expression was investigated
through the use of full-length cDNA clones on two host
plants, Chenapodium quinea and Beta macrocarpa. This last
plant species was preferred to the natural host Beta vulgaris
with a view of developing the basis for further molecular
analysis of vird systemicity, following the example of
previous studies on BNYVV (Lauber ef al,, 1998).

Full-length <DNA sequences were generated from an
Iranian BSBV isolate (Nyshabour, Khorasan Razavi
Province), which was trapped from infested soil in roots
of B. vulgaris, After wtal RNA extraction from sugar beet
roots using the SV total RNA isolation kit (Promega), the
three genomic RNAs were reverse transcribed and
amplified by PCR (RT-PCR) using expand reverse
tramscriptase and the expand long temphte PCR System
(Roche). Primers matching the extremities of the three
viral RNAs were designed following the only references
known to date (Koenig ef al, 1996, 1997; Koenig & Loss,
1997). Forward primers were flanked with a T7 promoter
sequence (TAATACGACTCACTATAG) (Fig. 1). Ampli-
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Fig. 1. Schematic raprasantation of the BSBV trpartte ganome: RNA-1 encodes the putatve replicass with conseved motf
mathyk-tranaferzss (MTR), helicasa (He!) and RNA-<depandant RNA polymerase (Po) transiatad 2z an RT domain; RNA-2
ancodes tha putative CP and an RT domain; RNA-3 encodas the putative TGBs-1, -2 and -3. The astarieks {*) represant the RT
atop codons. The malaculsr mass of the putative protsing i gven beside sach amow beneath or above the comesponding ORF.
The fullk-langt cDNA clones (pUBS-1-wt, -2wt, -29t83'W1, -3-wt; pUC19 backbone) ars under the contral of & T7 pramoter
and posssss a unique restriction aita () for finsarizaton and run-off transcription, pUBS- 2-t8s/WI clons has a frameshit at
tha baginning of the CP-RT domain coding saquance as a resuft of tha 4 nt insartion (undarinad). Tha probes wsed for
Northern blot detection of the three viral RMAs are positionad above the conesponding fulllength clone (NB-1, -2 and -3).

cons were gel purified using QlAquick gel extraction kit
(Qragen) and inserted into the pGEM-T vector [ Promega).
Ligation products were transferred into the Escherichia cofi
strain JM109. Fulllength ¢DNA clones were then sub-
cloned into pUCLY and maintained in the E coli strain
DHS-a, to obtain the final constructs pUBS-1-wt (RNA-1},
pUBS-2-wt (RNA-2) and pUBS-3-wt (RNA-3) (Fig. 1) A
full-length <DNA clone of RNA-2 containing a frame shift
mutation in the L‘uling sequence for the putative CP-RT
domaini (done pUBS-2-1tBsWI, Fig, 1) was obtained by
filling a BsWI digestion ( target site position %7-912) with
DNA polymerase [ Klenow fragment (Promega) followed
by self-ligation with T4 DNA ligase (Roche).

The four full-length €DNA constructs in pUCIY were
linearized with Spd or Nel (Fig. 1) before ron-off
transcription with the RiboMAX large-sale RNA produc-
tion system - 5P and T7 (Promega) in the presence of'Cap
ana]uguc mTG(S'}pppES"}G {New Eughnd Biolabs), The
transcripts were medhanically inoculated i a 50 mM
KH, PO, (pH 4.2} and 0,04 % benwnite buffer on both €.
quinoa and B macrocarpa leaves. In vitmo transcript
combinations of RNA-1 (1), -2 (2), -2 carrying a frame
shift mutation in the RT domain coding sequence (2°) and
-3 (3) were tested as follows: 14243, 14243, 142, 143 and

243, Inoculation buffer alone was applied for the negative
control, €, quinoa and B, macrocarpa were exposed to light
for 16 h per day at 15-20 °C and 20-25 *C for night and
day, respectively, The ecperiment was carried out on ore C.
quinga p].a.u[ (thres leaves inoculated) and two B, maco-
catpa plints (two leaves inoculated per plant) for each
condition and repeated twice to ensure reproducibility.

Symptomatic lesiors appeared on all the C. quinoa leaves
inoculated with BSBV full-length transcripts of RNAs
14243, #2%3 or 13 at 3 days post-inoculation (pi.).
Small necrotic spots, necrotic ringspots (data not shown)
and chlorosis were dta.rh' ik‘\vt]upﬂl 7 da:,': pi (Fig. 2},
However, the infection of the B, macrocarpa plants with the
same three combinations of BSBV full-length transeripts
did not produce any symptoms on the inoculated leaves
(data not shown). These observations indicated that the
presence of the BSBV RNA-2 was therefore not necessary
for symptom  expression, which occurred unl:,' on C,
Uit

C. quinoa- and B, macrocarpo-inoculated leaves were
harvested at 7 and 10-17 days pi, respectively. The
RNAs were extracted from the whole leaves using the
polysomes extraction protocol (Tupin ef al, 1990) followed
by phenol extracion and ethanol precipitation of the
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Fig. 2 C. quinoa leaves 7 days after moce-
lafion with BSBY fulldangth transcript mixes
14243 {a), 142 (b), 14243 () 243 (d) and
143 (g) and a negatve contral (). Only
genama arangsments 142°43 {a), 14243 (o)
and 143 () provoked the sppearance of
eymptoms on the inoculated leaves, with
nacratic apate and ringspots {data not shown)
and shight yelow chlonsia,

RNAs. The viral RNAs were detected by Northern blot with
random DNA probes synthesized with the Prime-a-Gene
Labelling System (Promega) and libelled with [2- -‘E?]llf.TP
(L14x 10" Bqg mmol™" Pekin Elmer). The probes
matched nucleotide positions 35104015 (NB-1), 2281

Genomic combinations 142%43, 14243 and 143 resulted in
corresponding viral RNA amplification on both host plants
(Fig. 3a, I lanes 1, 2 and 4}, whereas 142 and 243 did not
(Fig. 34, b, lanes 3 and 5). The BSBV RNAs -1 and -3 full-

length transcripts were therefore required for the efficient
viral replication m plant, in wntrast with BSBY RNA-2
that appeared dispensible for the viral BNA replication,
However, even if no viral RNAs were detected in plants
inoculated with the combinations 142 and 243 (Fig. 3a, b,
lanes 3 and 5}, a potential undetected infection cannot be
ruled out for the mix 142 Lacking the putative cell-w-cell
movement proteins encoded by RNA-3, the RNAs-| and -2
might indeed replicate in the first inoculated cells bwt
couldn't spread to the [;eighhnuri ng ones (Hull, 2009},
This will be further characterized using protoplast
inoculation,
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Fig. 3 Northern (, b) and Waatarn (g, d) blat analysis for the detection of BSBY RNAs and structural prateina in G quinos
{a.cland B macrocara (i, d) lsaves, 7 and 10~ 17 days pi. respectvely. Plant leavas wera sither noculated with ane of the fiva
genoma arangements of BSBY ful-length transcripts teated [combinations 14243 (lana 1), 14243(2), 12 (3), 143 (4) and
2+3 ()] ar mack-inoculated {8). The thres BSBY ganomic RNA= weradstacted in total ANA extracts using random DNA prabes

iabalied with[a- 2 PIdCTPand diluted transcrip

nirote (%G) (s, b). Tha 19 kDa GF and 115 kDa CP=RT

b &

prateins of BSBY wers mmuno-detectad with primary polyslnal antibady directed against viral particles (s, d).
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All three replicative combinations raised the infection rate
by 100% in both host plants, except the 142%3 which
infected half of the inoaulated B, macrocarpa,

BSBV CP and CP-RT proteins were detected by Western
blotting after SDS-PAGE separation of total protein
extracts from symplomatic samples and whole asympto-
matic leaves, Structural proteins were revealed using a
polyclonal antibody  directed against viral particles
(DSMZ). The primary antibody was diluted 1:10000 in
TBS buffer containing 0.1% Tween 20, 5% powdered
skimmed milk, and supplemented with total protein
extracts from healhy C quinoa or B, macrocarpe. Anti-
rabbit alkaline phosphatase-conjugated  secondary IgG
(Sigma-Aldrich) was diluted [ : 10000 in TBS-Tween-milk
buffer and the blots were revealed with premixed BCIP-
NBT solution (Sigma-Aldrich).

A 19kDa protein was detected in both C. quinea and B,
macrocarpa plants inoculated with the 14243 and 14243
mixes of BSBV RNAs transcripts (Fig. 3¢, d, lanes 1 and 2)
but not when RNA-2 was omitted (combination 143; Fig.
3¢, d, lane 4). Thus, the BSBV RNA-2 transcripts are
indeed responsible for the expression of the 19 kDa protein
in planta, which corresponds to the BSBV CP of the same
predicted molecular mass that is encoded by the BSBV
RNA-2 first. ORF. Another protein with an estimated
molecular mass of 115 KDa was also observed in the leaves
of both plants inoculated with the genome combination
14243 (Fig. 3, 4, lane 2) and not detected in the leaves
inoculated with the BSBV RNA-2 transcripts mutated for
the RT domain of the CP (genome combination 142*+3
Fig 3¢, d, lang 1), This product therefore corresponds to
the predicted 104 kDa BSBV CP-RT protein, Transcript
progeny analysis confirmed the stability of the frame shift
mutation (data not shown).

According to the different genomic combinations of BSBV
full-length transcripts inoculated, our study showed that
both the putative replicase (RNA-1) and TGB proteins
(RNA-3) of BSBV are essential and sufficient for the
replication of such RNAs in the inoculated leaves of C.
quinoa and B, macrocarpa. In addition, the symptom
expression on C. quinoa did not depend on the presence of
the BSBV RNA-2. The BSBV CP and CP-RT encoded by
the BSBV RNA-2 are therefore not required for viral
infection in the plant hosts or for symptom production on
C. quinoa leaves, The dispensability of the CP for viral
repli.ca[iun in planta is a common phemmenun. shared b)
the closely related  pomovirus potato mop-top virus
(PMTV} on Nicotiana benthamiana and Nicotiana cleve-
lanelii (Mu("-earhy & Barker, 2000; Savenkov et al, 2003), as

1

pomoviruses retain their own particularities. Nevertheless,
it should be borne in mind that PMTV is a potato virus
and symptom expression could be host-dependent,

It is also worth noting that, as the primers used to amplify
full-length  ¢DNA sequences of BSBV were designed
according 1o a previously published nucleotide sequence
of a German isolate, the biological properties of the
resulting full-length ¢DNA clone might have been modi-
fied. However, viral terminal sequences are rnus[l}' highl}
conserved for a virus species as they are involved in viral
replication (Duggal ef al, 194; Koenig ef al, 2000}, and
the BSBV full-length clone replicated efficiently,

Consistent with earlier findings reporting on foliar
spmptoms on Chenopadium spp. and occasional lesions
on Bew spp. leaves when inoculating BSBV from the crude
sap of infected P\L'mts (Henry et al., 1986), transcripts from
the full-length clone of BSBV induced clear symptoms only
on the C. quinoa leaves. Following the example of BSBV,
the two first BNYVV RNAs, carrying the penetic material
homologous o one of the three BSBY RNAs plus a cystein-
rich protein (pl4) with PTGS suppressor activity
(Bouzoubaa et al, 1986, 1987; Dunoyer ef al, 2002), are
also unable to induce a systamatic symptomatic foliar
reaction on Beta spp. However, lesions on Beta spp. Jeaves
are clearly produced when at least BNYVV RNAs-1, -2 and
-3 are present (Tamada et al, 198% Rahim e al, 2007).
Although BSEV and BNYVV both naturally infect sugar
beet, BSBV lacks the genetic material necessary Lo induce
clear symptoms on B macrocarpa leaves whereas BNYVV
has this through RNAs-3 and -4,

The use of a polyclonal antibody directed against BSBV
viral particles allowed two proteins expressed from BSBV
RNA-2 transcripts to be detected. As expected, the Western
blot analysis showed the production of the BSBV 19 kDa
CPinboth G quineaand B, macrocarpa. However, whereas
the expected molecular mass of the CP-RT is 104 kDa, a
protein with an estimated molecular mass of 115 kDa
corresponding to the CP-RT was identified in both host
plants, I could be assumel that post-iranslational
modifications of the CP-RT domain, such as phuspl'mr-
ylation or glycosylation events, are responsible for this
115 kDa observed molecular mass of CP-RT. Actually,
post-translational modifications can reduce the protein’s
electrophoretic mobility in SDS-PAGE and many viral
structural proteins are described as glyl:m}'hned andfor
phupfllry]aml (Hahn & Shepherd. 1980; Seddas &
Boissinot, 2006 Akamatsu ef al, 2007 Halrén &
Mikinen, 2008; Zayakina ef al., 2008). Another hypothesis
would involve the intrinsic properties of the BSBV CP-RT,

well as other viruses such as the well-} irus
tobacco mosaic virus (TMV) on Nicotiana tabacum (Siegel
et al, 1962). However, whereas symptom production due
to TMV does not depend on the presence of the CP, no
symptoms are expressed when PMTV lacks the CP and
CP-RT. Thus, despite their taxonomic proximity and a
highly similar genome organization, the BSBV and PMTV

} ing that highly hydrophilic domains containing many
charged residues, such as arginine (Hu & Ghabrial, 1995),
or the presence of transmembrane motifs (Rath e al,
2009) in proteins might influence their migration on SDS-
PAGE. This is supported by the presence in the RT domain
of the BSBV CP of two predicted transmembrane heliees, as
is also reported for the closely related beet virus Q (BVQ)
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(Cruteen ef al, 2009), which would be essential for viral
transmission by the vector P, betae (Diao ef al, 1999
Adams ef al, 2001), Further experiments need o be
performed to determine the specificity of CP-RT, from the
post-translational - modification or intrinsic  properties,
which influences the molecular mass of the protein on
SDS-PAGE.

The thizomania syndrome of sugar beet and its causal
agent, BNYVV, have been widely studied since the 1970s
because cropping losses, commonly about 50% and
sometimes up o 801 %, have been attributed 1o the disease
(McGrann et al, 2009}, However, the involvement of BVQ
and BSBV in the disease, often associated with beet infected
with BNYVV, has never been clearly established and no
particular interest in understanding their specific function-
ality was followed, Our study describing the first infectious
!hu-]ength cDNA done available for a beet Pomovirus
therefore provides a useful tool for further investigating the
pathogenicity of BSBV in the complex rhizomania
syndrome, as well as its replication and infection mechan-
isms, and the potential viral interactions with other beny-
and pomoviruses on both susceptible and rhizomania-
resistant bests,
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Mohsen Mehrvar' and Claude Bragard®

" Ferdowsi University of Mashhad, Department of Plant Protection, School of Agriculture,
D.-iashhad: Iran
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Summary

The Iranian provinces where sugar beet is cultivated have been surveyed for the
presence of Beet black scorch virus. Sixty two samples (21%) out of two hundreds and three
samples showed positive response by RT-PCR in ten out of thirteen Iranian provinces of
Khorasan Shomali, Khorasan Razavi, Ghazvine, Zanjan, Ardabil, Azarbijaan Sharghi,
Azarbijaan Gharbi, Kermanshah, Hamadan and Kerman. The BBSV satellite was found in
nineteen samples (9.3 %) out of 203 in all provinces except Azarbaeijan Shargi. The presence
of BBSV was systematically associated by the presence of BNYVY andfor other soil-borne
pomoviruses. The complete genome sequences of three Iranian BBSV isolates have been
determined. The three isolates, one with satellite designated BBSV-Hal and two without
satellite designated BESV-AzGh and BESY-Ha2 showed 97 % nucleotide identity between the
first two and 88 % between the two first and third one. The identity between two Iranian
isolates of BBSV-AzGh, BBSV-Hal and one isolate of BBSV-Ha2 by both genomes of the
‘Ningxia’ isolate of BBSV (BBSW-N) from China and ‘BBSV-Co’ from US were 89 % and 88 %
respectively in nt level of whole genomes. In all of the cases Iranian BESY was accompanied
by BNYVY causal agent of rhizomania.

Introduction

Beet biack scorch virus (BBSV) was first identified in Inner Mongolia, China, in the late
1980s (Cui et al., 1988; Liu and Xian, 1995; Zhang ef al., 1996). It was described as a new
Necrovirus species (Cao et al., 2002; Lommel et al,, 2005). Recently it was reported from US
(Weiland ef al., 2007) and from Iran (Koenig and Valizadeh, 2008).

The virus elicits severe, systemic disease symptoms described as black scorched leaves of
sugar beet (Befa vulgaris L.) in China. The BBSV isolates reported from US did not show such
a black scorching in leaves, but exacerbate symptoms of Rhizomania like rootlet proliferation
(Weiland et al., 2007). Symptomless infections have been observed on sugar beet. The virus
can be detected in each of these hosts by RT-PCR and by retro-inoculation to Chenopodium
quinoa.

BESV is belonging to the Tombusviridae family. The virus is transmitted efficiently through the
soil in a non-persistent manner by zoospores of Olpidium brassicae (Jiang ef al, 1999). The
virus comprises an icosahedral particle of 28 nm that encapsidates a positive-sense, single-
stranded (ss) genomic (g) RNA of circa 3644 nt. BESV shares the highest sequence identity
(61%) with Tobacco necrosis virus D (TNV-D) (Coutts ef al., 1991).

MNormally, only a single RNA is associated with infections, but a small single-stranded RNA
(ssRMNA) that is similar to the satellite RNAs (sat-RNA) of other necroviruses has been found in
isolates from the Xinjiang province of China (Guo et al., 2005).

Up to date, the extend of BBSY distribution has not been reported. The aim of the
present study is to appraise the BBSY and its satellite distribution in Iran, with a special
attention to other Polymyxa-transmitted soil-borne viruses of sugar beet.

Materials and methods
Piant material and virus isolates

203 sugar beet root samples were collected either directly from the fields or from
bioassays (Meunier et al., 2003). Samples were localized by GPS (Global Positioning System)
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and a picture from the field sampled as well as from the gathered samples was taken. Rootlets
from infected sugar beet and single chiorotic lesion of C. guinoa leaves were used for RNA
extraction using a SV Total RNA Extraction Kit (Promega). Approximately 171 mg of rootlets or
leaves were ground in 1000 pL of lysis buffer in a sterile pestle and mortar (According to Kit
Instruction adjustments) and RNA extracted as described in the manufacturer's manual: RNAs
were used directly or stored at minus 70 °C.

RT-PCR and Sequencing

For the detection of BBSY, primers by Weiland ef al. (2007) were used, which amplify a
fragment of 315 bp. within the 3' UTR of BBSY RNA. Two hundred nanograms of purified PCR
preduct (DMNA), 1 pL of primer {4 pM) and 4 pL of Biomol. Water {Amersham Pharmacia
Biotech) were mixed and sequenced. Sequences were analyzed by the Clustal W program of
the Genetic Computer Group.

Viral genome characterization and sequence comparson

Plasmid pBBSVY-Ha1, pBBSV-Ha2, pBBSY-Msh, pBBSV-AzGh, pBBSY-Ksh were
subjected to double-stranded sequencing using primers positioned at an average of 400-bp
intervals and the sequence assembled using vector NTI Advance 10 program {Invitrogen) and
ORF finder program (NCBI), Major ORFs present within the sequence of BESV-Ha1, BBSV-
Ha2, pBBSV-Msh, BBSV-AzGh, pBBSV-Ksh were detected using NTI Advance 10 program
(Invitrogen) and ORF finder program {NCBI). Sequence alignments were performed using
Clustal W.

Results
In September 2006, a survey was carried out in all sugar beet growing areas in Iran, to

assess the current of rhizomania. When the 203 gathered samples were tested for the
presence of BBSY, the virus was found in 62 (31 %) of the tested Iranian sugar beet field. It
was distributed in Khorasan Shomali, Khorasan Razavi, Zanjan, Ghazvine, Ardabil,
Azarbaeijan Sharghi, Azarbaeijan Gharbi, Kermanshah, Hamadan and Kerman (Fig. 1). In
terms of symptoms mostly it was mixed by BNYVV symptoms which are root proliferation but
in greenhouse some extend of leaves black scorch on sugar beet leaves just in BBSV-AzGh

isolate appeared.

Also the satellite of BBSY was found

in the nine provinces of Ardabil,

Azarbaeijjan  Gharbi, Ghazvine,
e ZaNjAN, Hamadan, Kerman,
B wwiriena Kermanshah, Khorasan Razavi and
Khorasan shomali. In some cases
we have seen some huge damage
to the sugar beet production in the
field because of a strong presence
of BNYVV, BSBY, BVQ and BBSY
which may explain a synergistic
affect on sugar beet yet to be
established.

Fig. 1 : Distribution and number of infected and uninfected sugar beet samples by BBSV,
BBSY satellites in different Iranian provinces, proportionally to the extend of the sugar beet
cultivated area

The highest incidence rate were found in the Khorasan Razavi (35%) and Kermanshah (16 %)
provinces followed by Khorasan Shomali (11 %), Azarbaeijan Gharbi (9.6 %), Hamadan (8 %)
and Ghazvine (8 %). Ardabil and Kerman (3.2 %) and Zanjan and Azarbaeijan Sharghi (1.6 %)
were less affected by the virus (Fig. 1).
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Mechanical inoculation of C. guinoa resulted in the production of the typical necrotic
local lesions with chlorotic halos at three to five days post inoculations, but occasionally
extended in necrotic areas on most of the inoculated leaves, also in BBSV-AzGh isolate
symptoms were more systemic and extended along with leaves main veins. Transfer of the
infection to leave of sugar beet resulted in no symptoms. The complete nucleotide sequences
and genome organization of BBSV-AzGh, BBSV-Ha2 and BBSV-Ha1l as well as it's satellite
were determined and compared with that of BESV-CO, BBSV-N, -X, and other viruses. Linear
alignments of the 3,644-nt genomes of BBSV-AzGh, BBSV-Ha1 with BBSY-CO, BBSV-N and
BBSW-X using clustal W indicated a 89 % identity between the genome of these virus isclates,
For BBSV-Haz2 it was 88%.

We detected also the satellite of BBSV in Iranian BESV-Ha1. This BBSY satellite has
already reported from China but not from US isolate. The satellite was detected in 30% of the
samples positive for the presence of BBSV. Iranian BBSY was mostly accompanied by
BNYWV, the casual agent of sugar beet Rhizomania.

Discussion

Up to now, BESY has only been found in China, Iran and U.S.A. (Weiland, 2007;
Koenig, 2008). To date, there is no data publicly available on the distribution of the virus and
its economical importance, though, by comparison with BNYVV, another socil-borme virus of
sugar beet, it might be inferred as of strategic stake for the future, especially in warmer areas.
The recent discovery of the BBSV raised also the guestion of its origin. In this study, the
widespread occurrence of BBSV, alone or with its satellite, in most sugar beet growing areas
of Iran was assessed by bioassays and RT-PCR. The virus is present in 10 provinces and was
recorded in 31 % of the samples analyzed while the satellite was detected in only 8.8%.

The analysis of the BBSV diversity in Iran reveals a wider diversity than the one reported from
China or the U.S.A.

Approximately ¥4 of the BBSV-containing samples found in Iran are associated with the
virus satellite. Such satellite has been found to enhance the symptomn expression, though the
symptoms observed were mostly similar to rhizomania symptoms. instead of the beet black
scorch symptoms initially described by Cao ef al. (2002). Weiland ef al. (2007) did observe
similar results in the States, though the sugar beet in their trials were not contaminated by
BNYWV. This raised the question of the presence of other soil-bome viruses in co-infection
with the BBSV and its satellite.

In Iran, BBSY was always found together with other Polymyxa-transmitted soil-borne
viruses. Mostly, BBSV is associated with Beet necrotic yellow vein virus alone or in
combination with sugar beet infecting pomoviruses, Beet soil-borme virus and Beet wirus Q.
Such association is possibly an explanation for the observation of the root beardedness also
noted by Koenig and Valizadeh (2008) and Weiland et a/. (2007). The co-occurrence of up to
four different soil-borne viruses is also raising guestions about potential synergism or
competition.

In terms of distribution, the prevalence of BNYVV is much stronger than the cne of
BBSW. A possible explanation for this is the difference of vector between both viruses. Though
the lack of information on the host range and potential biotypes of Ofpidium found in
association with sugar beet, several reports mention the association. Interestingly, several
reports have also documented TNV occurrence on sugar beet in the past, and it might be
worth exploring if these were not related with BBSV, since a weak cross reaction between
both viruses was found by ISEM (Cao et al., 2002).

The guasi absence of BBSY infection in the warmer provinces of Fars is possibly due
to the fact that O. brassicae zoospore are less tolerant to warmer temperature than other
Olpidium (Gharbi and Verhayen, 1993, Campbell and Lin, 1976).
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X.3. Material and methods

X.3.1. Beet black scorch virus (BBSV) molecular analysis

X.3.1.1RT-PCR

For the detection of BBSV, primers by Weilaatl al. (2007) were
used, which amplify a fragment of 315 bp. withiretB' UTR of
BBSV RNA. Primer sequences and respective nuclegiakitions in
BBSV RNA are shown in Table 4 (Weilard al, 2007). The reverse
transcription (RT) reaction was performed as foowpl of reverse
primer (20 picomolesand 1pul of RNA sample were added to 8.5
of DEPC-treated water. The mixture was incubate@mstC for 10
minutes and directly transferred onto ice. Thery 8. of DEPC-
treated water, 41l of 5X M-MLV RT buffer, 2 yul of dNTPs mix (10
mm) and 0.25ul of M-MLV (200 U pul ) reverse transcriptase
(Promega) were added to the mixture. The RT reacti@s performed
at 42°C for 60 minutes. The PCR reaction involved: 2. ®f cDNA,
13.25ul of DEPC-treated water,ub of 5X GoTagpolymerase buffer
(Promega), 2.5l of 10X MgCkL (Promega), 0.5l each of forward
and reverse primers (20 picomoled ), 0-75pul of dNTPs mix (10
mm ) and 0.125l of GoTagpolymerase (2.5 Yul ) (Promega). A
first denaturation of 3 minutes at 98 was performed, then 35 cycles
of: denaturation for 30 seconds at 9, annealing for 30seconds at
corresponding temperature for each set of priméisiwis mention in
Table 4 and elongation for 2 minutes at @2 followed by a final
elongation step of 7 minutes at 2. To produce a PCR product for
sequence analysis, primers BBSV1F and BBSV1R weeal.uAfter
the PCR, 25ul of the reaction mix was loaded onto a 1.5% agaros
gel, subjected to electrophoresis, and cDNA wasneta with
ethidium bromide. PCR products were purified usanddigh Pure
PCR Product Purification Kit (Qiagen) and then semed. Then
different set of primers for sequencing of full-4gim genome of BBSV
as well as its satellite were designed accordinBB&V-N sequence
in database (Yuaet al, 2006) and by use of eprimer3 program in
Belgian EMBnet Node.

X.3.1.2Determination of 3’ ends

The 3'end of viral RNA was polyadenylated with PolA)
polymerase (Takara biotecBhigg Japan). The polyadenylated RNA
was used as template for cDNA synthesis by usinigoQ@T)16

13z



Chapter 10-Annexes

anchor as the primer. PCR was conducted with Gdigd(6 anchor
and sequence specific primer BBSV8. The PCR prothsgrted in
PpGEM-T Vector and sequenced (Deletial, 2008) (Fig. 14).

X.3.1.3Sequence analysis

For the sequence analysis, the forward and reymiseers in table 4 were
used as follows: Two hundred nanograms of puriR&R product (DNA),
0.25 pL of primer (20 pM) and 10.5puL biomol water (Amersham
Pharmacia Biotech) were mixed and sequenced usilB#377 sequencer
(Applied Biosystems). Sequences were analyzed &yClhstal W program
of the Genetic Computer Group (Deveraixal, 1984)

X.3.1.4BBSV RNA characterization and full-length cloning

The Expand Reverse Transcriptase kit (Roche), winidides a high-
fidelity, thermo- stable polymerase, was used toegate a complete
cDNA fragments from the virion RNA.

Primer designated BBT75fwd and BBSV3rev (Weilatdal, 2007)
were used for the amplification of complete BBSVhgme-length
amplicon using the Expand Long Template PCR Syd#t¢rfRoche).
RNA extractions of seven different Iranian BBSV lédes were
obtained. The RT-PCR was done by a mixed of 4.®fudiethyl
pyrocarbonate (DEPC)-treated water, 1,2 ul of BB$&t&erse primer
and 4 pl of virus RNA in 65 °C for 10 minutes. Th@® pl of mixed
solution (0.5 pl of diethyl pyrocarbonate (DEPQaied water, 4 pl
Buffer, 2 pul of DTT, 2 pl of DNTPs and 1 pl RT (Rese
Transcriptase) Enzyme) was added and put in 43°C four.

The long expand PCR was done by adding 2,5 pl ofpRobuct to
47,5 pl of a mixed solution (38,9 ul diethyl pyrdoanate (DEPC)-
treated water, 4 pl Bufferl, 1,75 pul DNTPs, 0,8ofileach forward
and reverse primers and 0,75 pl of long expandmeigse) and put
in thermocycler in following conditions: 94°C forr@inutes (1 cycle),
10 cycles in 94°C for 10 seconds, 52,9°C for 1M®sds, 68°C for 2
minutes, 28 cycles in 94°C for 15 seconds, 52,99€C30 seconds,
68°C for 2min+20secods cycle elongation for eaatcsssive cycle
and finally 1 cycle in 68°C for 7 minutes. The @sponding bands
for full-length BBSV revealed (3644 bp.) after tlomg expand PCR
product run on agarose gel (1%) and staining bydietim bromide

(Fig. 7).
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Fig. 7 Full-length amplicon of four Iranian BBSV-Hal, BB&Kshl, BBSV-Mshl
and BBSV-Sh1 isolates.

X.3.1.5Cloning of full-length product of BBSV in pDrive and
pGMT vectors

Different Iranian BBSV full-length amplicons werdooed in both

pDrive and pGMET vectors (Fig. 14, 15). Inserteagfnents selected
and amplified in liquid LB (containing ampicilin) edium for 16

hours. DNA was extracted from plasmid vector by iMimmep kit

(Qiagen).

3000 bp —»

Fig. 8 Restriction of full-length fragment of four Irani@BSV-Hal, BBSV-Kshl,
BBSV-Msh1l and BBSV-Shl isolates by EcoRlI restrictitnzymes
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Fig. 9 Full-length amplification of different Iranian BBS8atellites (BBSV-Halsat,
BBSV-Mshlsat, BBSV-Khlsat and BBSV-Bjlsat)

X.3.1.6Viral genome characterization and sequence compags.

Plasmid pBBSV-AzGhl, pBBSV-Hal, pBBSV-Ha2, pBBSVHs

pBBSV-Mshl, pBBSV-Shl and BBSV-Ksh3 were subjecteddouble-

stranded sequencing using primers positioned at\arage of 400-bp
intervals and the sequences assembled using véttdr Advance 10

program (Invitrogen) and ORF finder program (NCEgquence alignments
and inference of genetic distance were performethguClustal W

(Thompsoret al, 1994).

X.3.1.7 Beet black scorch virus RNA transcription in vitro

Different Iranian BBSV isolates cloned in pDrivectar (Qiagene,
Germany), digested by EcoR1 restriction enzymeitggtb liberation
of the inserted clone from the plasmid vector (RY. providing a
template from which transcription would initiate eoi&c nucleotide
before the viral sequence. Transcription reactioith w7 RNA
polymerase for generating uncapped RNA was usegréaluce
genome-length RNA for inoculation to plant leaveg( 10).
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Fig. 10 Transcription of Iranian BBSV-Hal and BBSV-Halsainstructs by
RiboMAX T7 kit.

X.3.1.8Inoculation of BBSV transcript in host plants

Infectivity of the transcript RNA was tested by gesding 2 to 5 pg
of RNA in GKP buffer (50 Mm glycine, 30 mM K2HPO4,%
bentonite, and celite, pH 9.2) and mechanicallycutated on leaves
of C. quinoaand sugar beet (Julietta, Sofia and Cadyx) (Weiknd
Edwards, 1994).

X.3.2. Iranian Beet soil-borne virus molecular analysis

X.3.2.1 Viral RNA characterization and full-length cloning of
Iranian Beet soil-bornevirus

The Expand Reverse Transcriptase kit (Roche), winidindes a high-
fidelity, thermo-stable polymerase, was used toegatie a complete
cDNA fragments from the virion RNA. as follows: Per designated
BSBV1, BSBV2 and BSBV3 were used for the amplificat of

complete BSBV genome-length amplicon of RNA1, RNARad

RNA3 of one Iranian BSBV-Ny isolate. The RT-PCR vdase by 8.5
ul of diethyl pyrocarbonate (DEPC)-treated waterpllof reverse
primer and 1 pl of RNA put it in thermocycler in 86 for 10 min.

then 9.5 ul of mixed buffer (0.5 ul of diethyl pgerbonate (DEPC)-
treated water, 4 ul of RT Buffer, 2 pl of DTT, 2qfIDNTPs and 1 pl
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RT (Reverse Transcriptase) Enzyme) was added and g3°C for 1

hour.

PCR was done using long expand PCR kit (Rochedlasafs: 2,5 ul

of RT product was added to 47,5 pl of mixed bufg8,9 ul of diethyl

pyrocarbonate (DEPC)-treated water, 4 ul BufferZ51ul DNTPs,

0,8 ul of each Forward or Reverse primers and @48 long expand
polymerase) and put in thermocycler in followinghddions 94°C for

2 minutes (1 cycle), 10 cycles in 94°C for 10 sesprb5°C for 10
seconds, 68°C for 2 minutes, 28 cycles in 94°Clf®iseconds, 55°C
for 30 seconds, 68°C for 2min+20seconds cycle elthog for each
successive cycle and finally 1 cycle in 68°C fomihutes. The long
expand PCR products run on agarose gel (1%) anespunding

band revealed the BSBV-Ny isolate RNA1, RNA2 andARBNafter

staining by ethidium bromide (Fig. 11).

3000 bp —»

Fig. 11 Full-length fragment of RNA1, RNA2 and RNAS3 of lian BSBV-Ny
isolate from Iran (Nyshabour, Khorasan Razavi prog)

X.3.2.2 Cloning of BSBV-Ny isolate full-length in pGMT vedors

Full-length of BSBV-Ny isolate was cloned in pGMBE/ectors.

Inserted fragments selected and amplified in liqul medium

(containing ampicilin) for 16 hours. The DNA exttian was done on
plasmid vectors using Mini prep kit (Qiagen) (F1¢, 15).
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X.3.2.3 Beet soil-bornevirus RNA1, RNA2 and RNAS3 restriction

Kspl (Sacll) and Spel digested the full-length @srof RNA1 and
Ncol and Spel digested the full-length clones ofA2Nand RNA3 of
BSBV-Ny constructs and liberated the clones inserteom the
plasmid vector, providing a template from whichngeription would
initiate one G nucleotide before the viral sequeifig. 12).

Fig. 12 Restriction of full-length fragment of RNAL1, RNAZ@& RNA3 of Iranian
BSBV-Ny constructs by Kspl, Ncol and Spel restootEnzymes

X.3.2.4Beet soil-borne virus RNA transcriptions in vitro

Transcription reaction with T7 RNA polymerase foengrating
capped RNA as aforementioned was used to producengelength
RNA for inoculation to plant leave€henopodium quinga

Infectivity of the transcript RNA was tested by gesding 2 to 5 pg
of RNA in GKP buffer (50 Mm glycine, 30 mM K2HPO4,%
bentonite, and celite, pH 9.2) and mechanicallycitated on leaves
of C. quinoa(Fig. 13) (Weiland & Edwards, 1994).
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Fig. 13 Transcription of Iranian BSBV-Ny RNA1, RNA2 and RISAonstructs by
RiboMAX T7 kit.
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X.3.3.Primers which used for Iranian BNYVV, BBSV, BBSV
satellite, BSBV and BVQ detection, amplification ad making full-
length clones

Primer  Orientatio Target ~ Sequence (5 '-3')  Accession Nucleotide position on RNA
BNYVV2(4)F  Forward primer RNA-2 CCATTGAATAGAATTTCACCGT X04197 18-38
BNYVV2(4)R  Reverse primer RNA-2 CCCCATAGTAATTTTAACTC X04197 1069-188
BNYVV2(1)F  Forward primer RNA-2  ACATTTCTATCCTCCTCCCAC X04197 804-823
BNYWV2(1)R  Reverse primer RNA-2 ACCCCAACAAACTCTCAAC X04197 1330-1349
BNYWV2(7)F  Forward primer RNA-2 AAGAACAGGAATTACGGTTGCG X04197 1751-1772
BNYWV2(7)R  Reverse primer RNA-2 CGCAACCGTAATTCCTGTTC X04197 1753-1772
BNYVV2(8)F  Forward primer RNA-2 CTACTGATAGCGGACCTCAC X04197 1228-1247
BNYVV2(8)R  Reverse primer RNA-2 ACCCCGTTCCATTTATACCC X04197 2311-1992
BNYVV2P14(2)F Forward primer RNA-2 TATGGGGATGGTAGATAGTTT X04197 4042-4062
BNYVV2P14(2)R Reverse primer RNA-2 TTGTCGATCCTGAGGTGTAA X04197 4407-4426
BNYVV3(1)F  Forward primer RNA-3 CAGTTTATGATTTAGGGCACA M36894 465-486
BNYVV3(1)R  Reverse primer RNA-3 ATCATCATCAACACCGTCAG M36894 1081-1100
BNYVV3(2)F  Forward primer RNA-3 GTGATATATGTGAGGACGT M36894 51-70
BNYVV3(2)R  Reverse primer RNA-3 CCGTGAAATCACGTGTAGTT M36894 1250-1269
BNYVV4alF Forward primer RNA-4 GGATCCAGTCTATCAGTAAGGGGTA AF197554 288-312
BNYVV4a2R,R Reverse primer RNA-4 TCGTTCABBCCTCCTTG AF197554 1268-1286

Table 2 The oligonucleotide primers used in BNYVV RNA2,a8d 4 RT-PCR
amplification

Primer Sequence (5 3" Accession  position

BNYVV2-1F (Kruse et al.,1994) X04197 18-38

BNYWV2-1R (Kruse et al., 1994) X04197 1069-1088

BNYVV2-2F (Meunier, 2005) X04197 804-823

BNYVV2-2R  (Meunier, 2005) X04197 1330-1349

BNYVV2-3F (Meunier, 2005) X04197 1751-1772

BNYVV2-3R (Meunier, 2005) X04197 1753-1772

BNYVV2-4F (Saito et al., 1996) X04197 1228-1247

BNYVV2-4R  (Saito et al.,1996)  X04197 2311-1992

BNYVV2-5F TATGGGGATGGTAGATAGTTT  X04197 4042-4062 This study
BNYVV2-5R TTGTCGATCCTGAGGTGTAA X04197 4407-4426  This study
BNYVV3-1F (Meunier, 2005) M36894 465-486

BNYVV3-1R (Meunier, 2005) M36894 1081-1100

BNYVV3-2F (Kruse et al.,1994) M36894 51-70

BNYWV3-2R  (Kruse et al., 1994)  M36894 1250-1269

BNYVV3-3F  (Koenig et al.,2005) M36894 325-347

BNYVV3-3R (Koenig et al.,2005) M36894 1198-1180

BNYVV4-1F GGATCCAGTCTATCAGTAAGGGGTA AF197554 288-312  Legreve, unpublished
BNYVV4-1R TCGTTCACAAGCCTCCTTG AF197554  1268-1286 Legréve, unpublished

Table 3 The oligonucleotide primers used in BNYVV RNA2, Bda4 RT-PCR
amplification
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Primer Sequence (5 -3 Accession position
BBSV(1)F ATTAGATCCCACATCCTGGTGTGGTTAATC AF452884 3341-3360 Mehrvar, unpublished
BBSV(1)R GGGCACCTGGAAGACCAGGTATATAAG AF452884 3624-3644 Mehrvar, unpublished

BBSV(2)F TGATCAGCGATCATGGATTC AF452884 24-43  Mehrvar, unpublished
BBSV(2)R AGGTCATGAAACCGGGATAA AF452884 909-928 Mehrvar, unpublished
BBSV(3)F AGGGCCCTCATATGGAAAAT AF452884 626-645 Mehrvar, unpublished
BBBS(3)R TGATGTCCCCAGACATACGA AF452884 1508-1527 Mehrvar, unpublished
BBSV(4)F ATGCTTGGCTTAGCACGTTT AF452884 1060-1079 Mehrvar, unpublished
BBSV(4)R AGGGGAAACTGCATGAAGAA AF452884 1938-1957 Mehrvar, unpublished
BBSV(5)F CTCAGACACGCTGAGGAACA AF452884 1179-1198 Mehrvar, unpublished
BBSV(5)R AATGAGTAGCGGGATTGTGG AF452884 2061-2080 Mehrvar, unpublished
BBSV(6)F TTGCCAACAATGGTGATGAT AF452884 1609-1628 Mehrvar, unpublished
BBSV(6)R ACAATTGCAACAACCAATGC AF452884 2472-2491 Mehrvar, unpublished
BBSV(7)F TGTAGGGCAATCTGCTGTCA AF452884 2035-2054 Mehrvar, unpublished
BBSV(7)R TTGCAGTGAGTGCGGTAATG AF452884 3192-3211 Mehrvar, unpublished
BBSV(8)F AAGAAACCTAACCAGTTTCTCGTTG AF452884 1-25 Mehrvar, unpub lished
BBSV(8)R GGGCACCTGGAAGACCAGGTATATAABF452884 3624-3644 Mehrvar, unpubli shed
BBSV(10)F GGGTCCATCGGTTTCTATGA AF452884 2353-3372 Mehrvar, unpublished
BBSV(10)R CAGACAGGTGCTGTGATGCT AF452884 3049-3068 Mehrvar, unpublished
BBSV(12)F GTACGCGTGTCACCAACACT AF452884 2777-2796 Mehrvar, unpublished
BBSV(12) R CCCCCAGCTATGATAGGACA AF452884 3579-3598 Mehrvar, unpublished
BBT75fwd Weiland et al. (2007)

BBSVsatdF GAAAGCTACGTGGTCATGGT NC_00 6460 1-20  Mehrvar, unpublished

BBSVsat4R GGGTAGCAATTAATTGCTTT NC_00 6460  596-615 Mehrvar, unpublished

Table 4 The oligonucleotide primers used for sequencing ruading full-length
amplification of different Iranian BBSV and BBSVtslite isolates.

Primer Sequence (5 '-37) Accession position

BSBV(1)F TAATACGACTCACTATAGGTATTATTTTCTCAACGGTTI_003520 1-22 Mehrvar, unpublished
BSBV(1)R GGGCTTGATTTCCCTCAAGTAAAGGGG NC_003520 5834-5809 Mehrvar, unpublished
BSBV(2)F TAATACGACTCACTATAGGGTAATTTTACTTCTTCGQEIZD03518 1-22  Mehrvar, unpublished

BSBV(2)R GGGCTTGATTTCCCTCAAGTTAAGGGG NC_003518 3454-3427 Mehrvar, unpub lished
BSBV(3)F TAATACGACTCACTATAGGGTATTTTTTTTTCTTGCCRGT03519 1-22 Mehrvar, unpublished

BSBV(3)R GGGCTAGATTTCCCTCTAGTTAAGGGG NC_003519 3005-2978 Mehrvar, unpub lished

)
)
)
)
)
)

Table 5 The oligonucleotide primers used for making fultgéh construct of
Iranian BSBV-Ny isolate.

Primer Sequence (5 3" Accession position
BVQL(1)F  (Meunier et al.,2003)  AJ223596 2526-2547
BVQL(1)R  (Meunier et al.,2003)  AJ223596 2817-2796
BVQCPfor CCATGGTTGATCCAAGATATGA NC_003 511 326-347
BVQCPrev CTATGAGCCGGTCCACTTCAAT NC_003511 825-804

Table 6 The oligonucleotide primers used for detection aaduencing of Iranian
BVQ from different part of the country.
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X.3.4.Vectors which used for full-length cloning and segencing
of Iranian BNYVV, BBSV, BBSV satellite, BSBV and B\Q

[ 177 pramator

Aces5l

3
S
]
g
=1

pDrive Cloning Vector Soll
3.85kb pecl

Hindill
Khel
Anll# St
Mhel
Xbal
Ecar2l
Bsil
Eeo 1091
Apal
Socl
Mol
iSPépwmowr
Fig. 14 pDrive Vector (Qiagen)
Kmnl 2009
Scal 1830 Mael 2707 [ | 11 st
ael ¢ Apal 14
. Aatll 20
1 ori Sph 296
BstZl | 21
Mol a7
o BstZl | 43
& " Mol 43
pGEM™-T Easy lack Sacll | 49
Vector EcoRl | 52
{3015bp)
Spel 2
EcoRI T
Matl 7
BstZl 77
_ Pstl 88
o Sall a0
Mdel a7
Sacl 109
Bst¥l |118 &
Msil 127 2
141 £
T spe g

Fig. 15pGEM-T Easy Vector (promega)

14z



Chapter 10-Annexes

X.4. Name and place of collected sugar beet samples frdnan
(Sep. 2008

pd
o

Place of gathering and name of the farmers

1 Chenaran(Mochenan)

2 Chenaran(Mochenan)

3 Chenaran(Mochenan)

4 Chenaran(Mochenan)

5 Ghochan

6. Nyshabour (Jomhouri village) the same field of 3®.
7 Torbat Hydarieh (Jolgeie Rokh)

8 Torbat Hydarieh (Jolgeie Rokh)

9 Torbat hydarye(TH1)

10 Marvdasht (Koshk)

11 Biza(Satalan village shahram zare) extraction
12 Ramjerd (Abas Abad gholam hosein jafari)

13 Marvdasht (Koshk)

14 Marvdasht (Koshk)

15 Ramijerd (Abas Abad)

16 Fars-Biza

17 Fars-Biza

18 Zarghan

19 Zarghan

20 Mashhad (Ferdowsi) Haji hydari

21 Shirvan (Baghan 1)

22 Chenaran (Sayed Abad)

23 Shirvan (Baghan 2)

24 Bojnourd (Gharlegh 3)

25 Chenaran (Radkan 1)

26 Ghochagn (Almajogh)

27 Shirvan (Power Plant Field)

28 Bojnourd (Gharlegh) Mrs. Gharoni sample

29 Bojnourd (Garmkhaneh 1)

30 Shirvan (Baghan 3)

31 Bojnourd (Gharlegh 2)

32 Shirvan (Baghan4)

33 Nyshabour (Shadiakh)

34 Nyshabour (Jomhouri2) leaf extraction

35 Nyshabour (Jomhouri3) root extraction

36 Nyshabour (Jomhouri4) (good sequence of P25 in dfahopodium
37 Sabzevar (Sayed Abadl) Rajab Ali Sayed Abadi
38 Sabzevar (Sayed Abad2) Noorolah Sayed Abadi
39 Sabzevar (Soltan Abad1) Ali Reza Biabani
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40 Chenaran (chahchah) Farkhondeh Sadat

41 Sabzevar (Soltan Abad2) Ali Akbar Namani

42 Chenaran (Kalate Sado) Aiobi

43 Nishabour (Biabani)

44 Nishabour (Chakane) Arazi abdolah Give

45 Mashahd (Ahmad Abad)

46 Fariman (7 Hectares)

47 Fariman (Namazi 20hectare)

48 Fariman (Mrvi 15 Hectare)

49 Torbat Jam (Momen Abad 2.5 Hectare)

50 Torbat Jam (Noor Abad Mr. Dehghan 3h)

51 Mashahad ( Shir Hesarl)

52 Mashahad (Shir hesar2 Mr. Javad Alirezaei)

53 Chenaran

54 Torbat Jam (Khyr Abad 2, Mr. Mohammad Dshti 3h)
55 Nyshabour (Shahar Kohne, Hemat Abad Village MraBali Garmabi)
56 Nyshabour (Shahre Kohne, Khyr Abad district)

57 Shirvan(Baghan5)SHB9

57-2 Chenaran (Gahveh) Mr. Rhimzadeh

58 Chenaran(M1)

58-2 Chenaran (Gahveh) Mr. Rhimzadeh

59 Boujnord(Gharlegh4)BGH9

60 Boujnord(Gharlegh5)BGH

61 Torbat Hydarieh (Nazar Abad3) GNA-3

62 Sabzevar (S2)

63 Torbat Hydarieh (Nazar Abad) GNA-4

64 Sabzevar (S3)

65 Sabzevar (S1)

66 Golgei Rokh(A-2)

67 Torbat Hydarieh2

68 Mashhad 1, IPPO

69 Fariman (Janb khane behdasht kar)IPPO

70 Chenaran (Hakim Abad 1, After Azar Kar, 10H) IPPO
71 Mashhad (JADE Khoram, Nazeran Field,) IPPO

72 Fariman (Khyr Abad, Mr. Ghorban Farhadi, 8H) IPPO
73 Chenaran (Akhlamad 1, After, 20H), IPPO

74 Fariman (Shahan Garmab road, Atar field, 10H) IPPO
75 Fariman (Ghalandar Abad 1 Mr. Farimanian, 5H) IPPO
76 Chenaran (Akhlamad 2 before paste factory) IPPO
77 Chenaran (Hakim Abad 2, before sale Abad, 4H) IPPO
78 Mashhad (Before agor feshari kore akhtar nia, Mfagdiari) IPPO
79 Fariman (Rezaei, well no 3) IPPO

80 Fariman (Ghalandar Abad 2, Mr. Pori well , 20H) @°P
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81 Torbat jam 2
82 Fariman (Ghalandar Abad 3, Mr. Farimanian, 2H) IPPO
83 Chenaran ( Radkan 2 Road, 15H) IPPO
84 Fariman (Mr. Behzadian, well no, 1) IPPO
85 Chenaran (Hossein Abad, Mr. Taheri, 4H) IPPO
86-1 Fraiman (Behzadian, Well no,7 -7H) IPPO
86-2 Fraiman (Behzadian, Well no,7 -7H) IPPO
86-3 Fariman (Behzadian, well no. 7)
87 Torbat Jam (Khyr Abad 2, Mr. Ali jan, near well, BFPPO
88 Chenaran (before the city, against alghadir comdey IPPO
89 Torbat jam (Rkhneh village, 10H, Mr. Yousofi) IPPO
90 Chenaran (before 3 km, 7H) IPPO Good sequencevn Re
91 Torbat Jam (Before Nasr Abad 1, Mr. Asghari, 1H)@
92 Fariman (Safi Abad, Mr. Ghodrat o lahe Khjezad&tHO®
93 Fariman (Behzadian, well no, 2, 10H) IPPO
94 Torbat Jam (Before Nasr Abad 2, 10H) IPPO
95 Chenaran (After, Mr. Rezaei field, 7H) IPPO
96 Torbat Jam (Jim Abad Razavieh district, Mr. Mohardrebari) IPPO
97 Nyshabour (Shahre Kohne, Mr. Hemati)
98 Nyshabour (Tahte Jolge, Mr. Mohammad Bagher n@fD Good sequence in Rev.
99-1 Nyshabour (Tahte Jolge, Mir Abad village 1, Mr. BaAli Garmabi) IPPO
99-2 Nyshabour (Tahte Jolge, Mir Abad village 2, Mr. 8aAli Garmabi+ Abas ali) IPPO
100 Sharoud (Myamei, Ebrahim Abad
101-1 Sharoud (Ghale Zendani),
101-2 Sharoud (Ghale Zendani), Chenopodium
103 Hamadan(Malayer-avard Zaman, Noshijan)
104 Hamadan(Nahavand, Gian Village1, Mirza Morad Giani)
105 Hamadan(Firozan, Sade Vaghas Village)
106 Hamadan(Nahavand, Gian Village 2)
107 Hamadan(Asad Abad, Lak Lak Village)
108 Hamadan(Malayer-Dehno Avard Zaman, Amire Rostami)
109 Hamadan(Asad Abad, Mosi Abad Village1)
110 Hamadan(Asad Abad, Mosi Abad Village?2)
111 Hamadan(Malayer, Hezar Jerib Village)
112 Hamadan(Firozan, In front of filling station field)
113 Bokan (Ghazman, Mr. Abobakr Ebrahimi)
114 Miandoab (Haji Behzad1, Markazi district, Mr. Moharad Teghi field)
115 Miandoab (Koh Khan, Mr. Esmaeil Tarkhini field)
116 Miandoab (Haji Behzad2, Markazi district, Mr. FasidNasirian field)
117 Oromieh, Mohammad Yarl
118 Khoy (Outskirt of city)
119-1 Salmas (Pikjik Village1, Mr. Hamid Vare)
119-2 Salmas (Pikjik Village, Mr. Hamid Vare) Chenopauiiu
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120 Mohammad Yar2

121 Bokan (Oshi Tape Village, Mr. Rahim Eshgi field)

122 Oromieh, Mohammad Yar3 (Close to Oromieh Salt Lake)
123 Salmas (Pikjik Village, Mr. Hassan Khajeh Loo)

124 Miandoab (Kholahar, Mr. Saeed Shikh Rezaei)

125 Khoy

126 Pars Abad (Iran Abad 1, Mr. Bavala field)

127 Bokan

128 Pars Abad(Sugar Plant)

129 Pars Abad(Before the city 5 km from Geremi)

130 Pars Abad (Agir loo Mr. Tarikhi field)

131 Pars Aba (Kesht o Sanat moghan, Section 3

132 Pars Abad (Iran Abad 2, A sample from IPPO ardabil)
133-1 Ardabil (5 Km before the city from Miane) Sugar bee
133-2 Ardabil (5 Km before the city from Miane) Chenopauati
134 Ardabil (Aghalam) IPPO sampleC

135 Pars Abad (Agir loo district)

136 Pars Abad (Agir loo district)

137 Kermanshah (Bistone, Pamchal Patapeh, dosti sgction
138-1 Islam Abad Gharb (Sia Sia Chikheh Areal)

138-2 Islam Abad Gharb (Sia Sia Chikheh Area 2) chenopod
139 Islam Abad Gharb (Sia Sia Chikheh Area3)

140 Kermanshah (Bistone, before bazm abad)

141 Islam Abad Gharb (Sia Sia Chikheh Area4, Mr. Ghaéwsravi)
142 Kermanshah

143 Kermanshah(lslam Abad Gharb, hamil area)

144 Kermanshah, Abas Abad, Mr. Ahmad Jamali, 2H)

145 Kermanshah (Rostam Abad, Mr. Vali Mehrianher)

146 Kermanshah (Bistone, Bazm Abad village, Mr. Khograv
147 Kerman shah (Biseton)

148 Kermanshah(Dolah, Mr. R. Gh. Dolaei)

149 Kermanshah (Bistone, 13) Basati

150 Kermanshah (Central District, Mr. Abdolahi & FatpBasati
151 Kermanshah (Unknown)

152 Kermanshah (15) Basati

153 Kermanshah

154 Kermanshah (Kangavar, Taher Abad Village, Mr. HosSalehi)
155 Kermanshah (Kangavar 1)(Field in the ring of céiward Hamadan)
156 Azarbaeijan Sharghi(Azar Shahr, Malekan3)

157 Azarbaeijan Sharghi (Azarshahr & Malekan2)

158 Azarbaeijan Sharghi (Azarshahr & Malekan3)

159 Azarbaeijan Sharghi (Azarshahr & Malekan4)

160 llam(Shirvan Chardavol, Helidan district2)

14¢




Chapter 10-Annexes

161 llam(Shirvan Chardavol, Helidan district3)

162 llam(Shirvan Chardavol, Shabab Village)

163 Kerman (Bardsir, Dashtkar Area 1)Motor pomp sh@gtishti 1

164 Kerman (Bardsir, Dashtkar Area 2)Motor pomp shaetishti 3

165 Kerman (Bardsir, Dashtkar Area 3)Motor pomp shasetishti 2

166 Ghazvine (Boein Zahra, Amin Abad Kohneh, 11 Km befooein zahra from ghazvin, , N
Mohammad Rezapour)

167 Ghazvine (Boein Zahra, Amin Moket Road Mr. YounahBami)

168 Ghazvine (pour Yousufian Lob Field, Mr. Ali Sadégh

169 Ghazvine (Boein Zahra, Mr. Haj Taghi Abdol Hosskini

170 Ghazvine (Boein Zahra, Amin Moket Road Mr. RohoGthanei)

171 Torbat Jam (Momen Abad 2 village, 40 Km after Toram, 15H, Plant Protectig
Organization Collected Samples)

172 Mashhad (Ahmad Abad, Gandoraz Village)

173 Nghab

174 shirvan

175 Sabzvar

176 Shirvan (Field beside Faculty of Agriculture)

177 Mashhad (Sad Abad Torkan Village)

178 Torbat Jam (Paein Jam District, Mr. Mohammad Rahr2t, PP)

179 Golgei Rokh1

180 Islam ghale

181 Fariman (Mahdawi Well, 25 Hectares)

182 Golgei Rock (GRA-4) Ahmad Abad

183 Golgei Rock (GRA-12) Ahmad Abad

184 Golgei Rock (Well No. 4) (GR-1)

185 Golgei Rock (Well No. 4) (GR-2)

186 Golgei Rock (Well No. 4) (GR-4)

187 Golgei Rock (Well No. 4) (GR-5)

188 Golgei Rock (Well No. 4) (GR-6)

189 Golgei Rock (Well No. 4) (GR-7)

190 Golgei Rock (Well No. 4) (GR-10)

191 Golgei Rock (Well No. 4) (GR-12)

192 Golgei Rock (Well No. 4) (GR-13)

193 Golgei Rock (Mohandes Nabavi) (GNB-2)

194 Golgei Rock (Mohandes Nabavi) (GNB-3)

195 Golgei Rock (Mohandes Nabavi) (GNB-5)

196 Golgei Rock (GNA-6) Nazar Abad

197 Golgei Rock (GNA-7) Nazar Abad

198 Golgei Rock (GNA-8) Nazar Abad

199 Golgei Rock (GNA-9) Nazar Abad

200 Golgei Rock (GNA-10) Nazar Abad

201 Golgei Rock (GNA-12) Nazar Abad
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202 Golgei Rock (GNA-13) Nazar Abad
203 Golgei Rock (GNA-14) Nazar Abad
204 Robat sefid

205 Torbat Hydarieh (TH2)

206 Pars abad moghan

207 Pars abad moghan

208 Pars abad moghan

Soil samples from sugar beet fields in Iran

1 Hamadan(Nahavand, Gian Villagel, Mirza Morad Giani)

2 Kermanshah (Rostam Abad, Mr. Vali Mehrianher)

3 Islam Abad Gharb (Sia Sia Chikheh Areal)

4 Kermanshah(Dolah, Mr. R. Gh. Dolaei)

5 Kermanshah (Unknown)

6 Kermanshah

7 llam(Shirvan Chardavol, Shabab Village)

8 Hamadan(Nahavand, Gian Village 2)

9 Ramijerd (Abas Abad gholam hosein jafari)

10 Zarghan

11 Zarghan

12 Ramjerd (Abas Abad)

13 Kermanshah (15) Basati

14 Kerman (Bardsir, Dashtkar Area 2)Motor pomp shatetishti 3
15 Kerman (Bardsir, Dashtkar Area 3)Motor pomp shatetishti 2
16 Ghazvine (Boein Zahra, Amin Moket Road Mr. YounahBami)
17 Marvdasht (Koshk)

18 Marvdasht (Koshk)

19 Marvdasht (Koshk)

20 Fars-Biza

21 Fars-Biza

22 Hamadan(Malayer, Hezar Jerib Village)

23 llam(Shirvan Chardavol, Helidan district3)

24 Ghazvine (pour Yousufian Lob Field, Mr. Ali Sadégh

25 Ghazvine (Boein Zahra, Amin Moket Road Mr. RohdEitanei)
26 Torbat Jam (Paein Jam District, Mr. Mohammad Rahr2gt, PP)
27 Kermanshah (Bistone, Bazm Abad village, Mr. Khograv

28 Kermanshah (Bistone, before bazm abad)

29 Kermanshah (Bistone, 13) Basati

30 Kermanshah (Central District, Mr. Abdolahi & FatpBasati
31 Azarbaeijan Sharghi(Azar Shahr, Malekan3)*

32 Islam Abad Gharb (Sia Sia Chikheh Area4, Mr. Ghakémsravi)
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33 Kermanshah (Kangavar, Taher Abad Village, Mr. HosSalehi)
34 Biza(Satalan village shahram zare) extraction

35 Kermanshah(lslam Abad Gharb, hamil area)

36 Bokan (Ghazman, Mr. Abobakr Ebrahimi)

37 Miandoab (Koh Khan, Mr. Esmaeil Tarkhini field)

38 Ghazvine (Boein Zahra, Amin Moket Road Mr. YounahBami)
39 Hamadan(Asad Abad, Lak Lak Village)

40 Hamadan(Asad Abad, Mosi Abad Village?2)

41 Hamadan(Firozan, In front of filling station field)

42 Kermanshah (Bistone, Pamchal Patapeh, dosti sgction

43 Kermanshah

44 Kermanshah, Abas Abad, Mr. Ahmad Jamali, 2H)

45 Kermanshah (Kangavar 1)(Field in the ring of caward Hamadan)
46 Fariman (Behzadian, well no, 2, 10H) IPPO

47 Fariman (Safi Abad, Mr. Ghodrat o lahe Khjezad€t®

48 Fariman (+)(Namazi 20hectare)

49 Fariman (Behzadian, well no. 7)

50 Azarbaeijan Sharghi (Azarshahr & Malekan4)

51 Mashhad (Ahmad Abad, Gandoraz Village)

52 Miandoab (Haji Behzad2, Markazi district, Mr. FasidNasirian field)
53 Golgei Rock (Well No. 4) (GR-1)
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